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PATENT NO : 6,752,907 b2 
DATED : June 22, 2004 

INVENTOR(S) : Steven L. Edwards et al. 



It is certified that error appears in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

In Col. 6, line 63, change "[W2 -Wi )AVl J" to-[(\V2-Wl )AVi ]-; 
In Col. 7, line 8, change "Porofilg" to -POROFIIJK-; 
In Col. 7, line 10, change "Porofil" to -POROFIIS& ; 
In Col. 8, line 10, change "paper machine" to -papermachine-; 
In Col. 9, line 30, change "numbers" to -Numbers-; 
In Col. 11, line 13, change "number" to -Number-; 
In Col. 13, line 30, change "2 "to -2nd-; 
In Col. 14, line 64, change "number" to -Number-' 
In Col. 15, line 60, change "39 above or 46 below"ip 
In Col. 16, line 9, change "porofil" to -POROFIltfD- , 
In Col. 16, line 17, change "+- to -+ -; 
In Col. 16, line 21, change "46" to=|46|-; 
IN Col. 16, line 36, change "thickness" to -pressure; 
In Col. 16, line 50, last column, change "Lbm" to -Ibm— ; 

In Col. 17, line 19, change "throughdrying coefficients" to -Throughdrying Coefficients-; 
In Col. 17, lines 21 and 32, change "number" to -Number-; 
In Col. 18, line 12, change "the of ■ to -of the-; 
In Col. 20, line 41, change "fiber bagasse" to -fiber, bagasse-; 
In Col. 20, line 54, change "Diameters" to -diameters-; 
In Col. 22, line 10, change "springback" to -Springback-; 
In Col. 23, line 15, delete ";" after "cell"; 
In Col. 23, lines 52, 54 and 60, change "in" to -in.-; 
In Col. 23, line 65, change """ to -in.-; 
In Col. 24, line 13, insert -is- after "sample"; 
In Col. 25, line 16, change "SpringBack*; to -Springback-: 
In Col. 25, lines 41 and 42, change "porofil" to -POROFIlfiX 
In Col. 25, line 45, delete "the"; 
In Col. 25, line 57, change "g/in/mil" to -g/in/mil.- ; 
In Col. 25, line 66, change "Lb" to -lb-; ^ 
In Col. 26, lines 7, 8,' 9 and 1 1, change "Porofil" to -POROFII&l; 
In Col. 26, line 22, change "grams/g" to -grams/gm-; 0 
In Col. 27, lines 38 and 39, change -"kN/m2" to -kNm -; 
In Col. 27, line 51, change "kN/m" to -kN/m 2 -; 
In Col. 29, line 13, insei^can- after "processing"; 
In Col. 32, line 13, change "he" to -the-; 
In Col. 32, line 19, insert -any- after "contain"; 
In Col. 32, lines 61 and 64, change "floatation" to -floation-; 
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33, line 62, change "needed" to -added-; 

34, line 58, change"INC" to -NC-; 

36, line 12, delete "a"; 

37, line 38, delete after "or"; 
37, line 49, delete "," before and after "or"; 

37, line 57, change "refiner" to -refiner.-; 

38, line 28, change "lb" to -lbs"; 
38, line 47, insert -dryer- after "Yankee"; 

38, line 53, delete the second instance of "that"; 

39, line 3, change "affected" to -effected-; 
39, line 7, delete "side"; 
39, line 22, delete "to"; 

39, line 54, change "caused" to -causes-; 

40, line 54, insert -and" after "napkins"; 

40, line 65, change "kraft" to -Kraft-; 

41, line 25, delete "with"; 

42, line 21, insert -Blade- after "w/10° "; 

42, line 63, change " 1 0B" to -1 IB"; 

43, line 1, insert -of- before "absorbent"; 
43, lines 31 and 33, change "see's" to -sec- 

43, line 52, change "response" to -respond-; 

44, line 13, change "two" to -2-; 
47, line 10, change "12b" to -12B-; 

47, line 39, change "109e" to -109c-; 

48, line 18, change "(.e.," to -(i.e.,-; 

49, line 43, delete "ones of the"; 

49, line 48, change "1/16" to -11/16-; 

50, line 2, change "FIG. 17" to -FIG. 17); 

50, line 24, change "are" to -is-; 

51, line 13, change "exit" to -exits-; 

52, line 27, change "21" to -FIG. 21-; 

52, line 67, change "form" to -from-; 

53, line 48, delete "may be"; 

54, line 16, change "form" to -from-; 
54, line 44, change "a out" to -about-; 

54, line 51, insert -is- after "method"; 

55, line 7, change"326" to -426-; 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO : 6,752,907 B2 
DATED : June 22, 2004 

INVENTOR(S) : Steven L. Edwards et al 

It is certified that error appears in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

In Col. 55, line 44, change "342" to -442-; 

In Col. 55, line 66, delete the second instance of "the"; 

In Col. 56, line 64, change "Comercial" to -Commercially-; 

In Col. 59, line 12, change "32" to -FIG. 32-; 

In Col. 59, line 62, change "bout" to -about-; 

In Col. 60, line 2, change "s" to -S-; 

In Col. 61, line 66, change "holder" to -"holder-; 

In Col. 62, line 36, delete "by"; 

In Col. 62, line 46, change "shoot" to —sheet—; 

In Col. 62, line 57, insert -sheet- after "absorbent"; 

In Col. 63, line 9, change "flint" to -fibers-; 

In Col. 63, line 44, change "3,000" to -3000-; 

In Col. 63, line 51, change "19" to -20-; 

In Col. 64, line 5, change "ins" to -in-; 

In Col. 64, line 24, change "finer" to -fiber-; 

In Col. 64, line 53, change "finish" to -furnish-; 

In Col. 64, line 64, change "die" to -the-; 

In Col. 65, line 8, insert -pressure in- after "engagement"; 

In Col. 65, line 55, change "en" to -on-; 

In Col. 65, line 60, change "meted" to -method-; and 

In Col. 66, line 43, change "chess" to -of less-. 
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9.2-0.048X wherein X is the GMT of the product (grams/3 ") 
divided by the basis weig ht of the p roduct Clh<JWM) ft 2 ) 

In some embodiments of the present invention there is 
provided a method of making absorbent sheet including 
wgAa m:r »a ti on"crcping .including" the sieps of: (a) depositing 

tively dewatering the furnish to form a web; (c) applying the 
web to a' heated rotating cylinder; (d) mamtaining the 
surface ot the rotating cylinder at an elevated temperature ~ 



drymg the : web fe&e-cyliridCT to a consistency of-between 

said-xyiinder, wherein said creping is operative to delami- 
• -aate^s aid -web- and s a id-web- exhibits a - c harac tei is t ic - void ' 
voIumeHupol^ciepm 

?.M^.wteM w X^ toGMTofthe as^cre^.rjrsxiuct 
(grams/3") divided" by the oasis 7 weight 'l^fe^u-acped' 
product (lbs/3000^ ft 2 ); and~(g)*throu^ r the web to 
form^he ^beet—The deJamination: 



25 



30 



also be denned in terms of toe pr^ct pn^^ 
fflJQtherWords, an inventive methyl lilcewisg mrlndes^Xa) 
depositing an aqueous fariiish-onto a fmanmious sur^ort; 
(b) compactively dewatering the furnish:to form a web; (c) 
applying the web to a heated, rotating- cymider, (d) main- 
taining the surface of the rotating; cylinder at an elevated 
ternr^ature relative to its surrburidmgs soas to produce a 
ternperanire gramrafb^ 

the web; (e) drying the web ion ;tha'c^^ : to' : a ra^stency 
of between about 30 to about 90 percent; (f) creping the web 
from the cylinder, wherem tne\cfepmg- 
delaminate the web;~anft^ 

absorbent sheet, wherein the void, volume in grams/g.of the 
sheet , is. greater than about 9.2MX048X .wherein X is the 
GMTof the sheet (grams/3 "),dividediby the. basis weight of 35 
the sheet (lbs/3000 ft 2 ). Delamina^bh-of a sheet refers to the 
fact that a creped. sheet has ?J]^dnc^de^ityj^t its 
center, that is, a. recced i^S^^S^Seij^b&t bfcthe 
sheet In the extreme; the product is"separated?mto sep 
plies and the fiber density approaches 0 at a, plane in. the 40 
interior of the product Further aspects and advantages of.the 
present invention are described in ! detail hereinafter. 

As used herein, terminology is given its ordinary, meaning 
unless otherwise defined or the definition of the term is clear 
from the context For example, the term percent or % refers 
to weight percent and the term consistency refers to weight 
percent of fiber based on dry product unless the context 
indicates otherwise. Likewise, "ppm" refers to parts <&f D 
million by weight, and the term "absorbent sheet" refers to 
tissue or towel made from cellulosic fiber. 
. .-She- terms -^brous?^"aqueous-funrish" and - the -like 
include all sheet-forming furnishes and fibers. The term 

lose as alnajof constituent, an4"spedfically, comprising at 
le^rTOpercent by WeighfceUuIose or a ceDulose derivative. 
Tnusi "die term includes cotton, typical wood pulps, cellulose 
acetate,- cellulose triacetate, ; rayon*' mermomechanical' wood 
pulp, -chemical wood pulp,.debonded chemical. wood, pulp, 
mikweed, and th e like, "PapCTmaking fibers" include all 
known _vtrgin_ or_.recy.cle_ ceilulosic3fibersror .-fibeF mix~es 
-eempnsing^e cH iilosic fibcis. Fibers suitable fur r r ia fcrng-thg 
webs of this invention comprise any natural or synthetic 
ceHulosictifibersHncluding,-but not- limited"To:^nonw6od 
fibers, „such. as cotton * fibers or . cotton .derivatives, abaca, 
kenaf, sabai grass, flax, esparto grass, straw, jute hemp, 
bagasse,* milkweed floss fibers, andinneapple leaf fibers; and 
wood, fibers such as -those- obtained from deciduous and 



45 



50 



55 



60 



65 



coniferous trees, including softwood fibers, such as northern 
a nd southern softwood kraft fibers; hardwood fibers, such as 
eucalyptus, maple, birch, aspen, or the like. Woody fibers 
may be -prepared in high-yield or low-yield forms and may 
be ^ pulped in any known method, including kraft, sulfite, 
ground^^ pulp (TMP); chenaithenno- 

mechanical pulp (CTMP) and bie^hed' ehennthennome- 
xbanicj^uipJJCTMP). High brightness pulps, including 
chemically bleached pulps, are especially preferred for tis- 
; IU J l ^? ^^^gjgHS a !S e ^H ^^ ^bMeadied pulps may 
a]so : b^.usfed > 'i«Bc^^'$D^;are mdud^ within the scope 
pj^cjjggplri^ Any known: piilping and^bleaching 

— jaettMsjna^lused Synthetic cellulose fiber types include 
rayon in all its varieties and other fibers derived from viscose 
15 or cnermca ll y modifie d cellulose. Chemically treated natural 
ce^rac : ^fibers r: rnay be used such as taercerized pulps, 
chermcally^stiffened or. crossJinked fibers, sulfonated fibers, 
and the like. Suitable par^rrnaking fibers may also include 
recycled fibers, virgin fibers, or mixtures thereof. 
20 Unless otherwise indicated, "geometric mean tensile 
strength" (GMT) is the square root of the product of the 
machine direction tensile strength and the cross-machine 
direction tensile strength of the web. Tensile strengths are 
measured with standard Instron test devices which may be 
configured in various ways, one of which may be described 
as having a 5-inch jaw span or more using 3-inch wide strips 
of tissue or towel, conditioned at 50% relative humidity and 
72° F. for at least 24 hours, with the tensile test run at a 
crosshead speed of 1 in/mm. As discussed below in connec- 
tion with me internal bond strength parameter, the 3" GMT 
is divided by 3 for convenience in expressing the parameter 
in gftn/mHj 

The "void volume", as referred to hereafter, is determined 
by saturating a sheet with a nonpolar liquid and measuring 
the amount of liquid absorbed. The volume of liquid 
absorbed is equivalent to the void volume within the sheet 
strocture. The void volume is expressed as grams of liquid 
absorbed per gram of fiber in 'the sheet structure. More 
specifically, for each single-ply sheet sample to be tested, 
select 8 sheets and cut out a 1 inch by 1 inch square (1 inch 
in the m ac hin e direction and 1 inch in the cross-machine 
direction). For multi-ply product samples, each ply is mea- 
sured as a ' separate entity. Multiple samples should be 
separated into individual single plies and 8 sheets from each 
ply position used for testing. Weigh and record the dry 
weight of each test specimen to the nearest 0.0001 gram. 
Place the specimen in a dish containing PQROFTDL™ liquid, 
having a specific gravity of 1.875 grains per cubic 
centimeter, available from Coulter Electronics Ltd., North- 
well Drive, Luton, Beds, England; Part No: 9902458.) After 
10 seconds, grasp the specimen at the very edge (1-2 
millime ters in) of one corner with tweezers and remove from 
die -liquid. -Hold the specimen with that cornet uppermost 
and allow excess liquid. to drip for 30 seconds. Lightly dab 
(less than Vi second contact) the lower corner of the speci- 
men on ^-filter paper (Whatman Ltd., Maidstone, England) 
in order to remove any ^excess of the last partial drop. 
Immediately wdp me srjecimeri, within 1 0 seconds, record- 
mg-the-weight to the nearest 0.0001 gram. The void volume 
for each specimen: -exp ressed as gramy of PQROFIL per 
gram of fiber, is calculated as follows: 



wherein 

"Wl" is the dry weight of the specimen, in grams; and 
"W2" is the wet weight of the specimen, in grams. 
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The void volume fox all eight individual specimens is FIGS. 11A and 11B are plots of drying time and perme- 
■riptreminfyi ac Hpor- nhfrd ahnv e and thft .average of the eight ability characteristics for a 28 lb basis weight, convention- 
specimens is the void volume for the sample. ally prepared, wet-creped towel utilizing high ash recycle 

The dimensionless void volume fraction and/or void furnish; 

volume perce nt is read ily calculated from the void volume 5 piq \2 a is a schematic diagram of a portion of a 

in gramy gnrby cmcuiaWglhTrela^v^^lunies of fluid and pa^rmachine useful for practicing the present invention; 

fiber determined by the foregoing procedure, i.e., the void piG. 12B is a schematic diagram of a portion of another 

vohimr fraction is the volume of fprpffl® liquid absorbed .eapcrmachine -useful for practicing the present invention; 

by the sheet divided by the volume of fibrous material plus L__ . , ... _ - . 

the vSaamZt Pdi^quid^sorbed (total volume) or in 10 ^ 12C 1S a "^^STZ^^^ 2L2 

" ' e^S^o i ^ ^" - ^ ^^^ - - anqtfepapCT^|^ntrsunable for practicing the present 

~.. invention;' 

^"T^vM^ofiimc totio^vmdSriip^^ volume of fluidy FIG. 13 is a plot illustrating conditions for stable transfer 



^(vm^vohimcxspcciiic volume or mno+spccific-voiufflc-of ofTweTweb off a Yankee dryer, 

fiber)=void volumex0.533/(void volumex0.533+$pecific vohimc „ . . .... 

nf fiw> ' ; • ' * ■ " 15 FIGS. 14 and 15 are schematic diagrams showing airfoils 

7 ' ..Y . : T~ ' ~ : v- - f 0T s tabilizmglransfer of a wet web off of a Yankee dryer 
Unless . otherwise u^a^Jhej^^d&c volume of fiber is over an open draw; 

taten.^ void volume of 6 pj^g 16 and 17 are details of the airfoils of FIGS. 14 and 
grams/gm^has a vbic^volume fraction of 3. 2/4.2 or 0.76 and 15* 

a void vdume.in percent of 76% as that terminology is used-20 ig _ 21 mustrate modifications of ^ airfoils 

^ a ~ a f A f ' h ' of FIGS. 14-17. 

^e^ntwiucts-and-rjrocesses of the present, mvention are . „ , .^, f 

advantageously practiced with ceiiulosic fiber as the pre- mG 22 illustrates schematically yet another airfoil for 

dorninant constituent fiber in the furnishes and products, stabilizing transfer of a wet web off of a Yankee dryer, 
generally greater than 75% by weight and typically greater 25 FIG. 23 is a schematic diagram of a papermachine which 
than 90% by weight of the product Nevertheless, as one of has been equipped with still yet another embodiment of a 

skill W the ar^ will appreciate, the invention may be prac- preferred support apparatus useful in connection with the 

deed with other siritable furnishes. • products and processes of the present invention. 

FIG. 24 is a partial perspective view of a portion of the 

BRIEF DESCRIPTION OF THE DRAWINGS 30 support apparatus of FIG. 23. 

The invention is described in detail below in connection FIG. 25 is a schematic partial side view in cross-section 

with numerous embodiments and drawings wherein like illustrating the air foil of FIG. 24. 

numerals refer to similar parts. In the drawings: FIG. 26 is a schematic partial view in elevation of an air 

FIG. 1 is a plot of the characteristic Georgia-Pacific gap in the air foil of FIG. 25. 

Tmpughdrying Coefficient versus characteristic Reynolds FIG. 27 is a schematic diagram of a controlled pressure 

Number, shoe press useful in connection with a process of the present 

FIG; 2 is a plot of hydraulic diameter (ft) of various invention; 

examples of absorbent sheet versus void volume fraction; FIG. 28 illustrates a typical pressure profile in the nip of 

FIG. 3 is a plot of an internal bond strength parameter in 40 a suction pressure roll; 

gm/in/mil. versus wet springback ratio; FIG. 29 illustrates a pressure profile in the nip of a shoe 

FIG. 4 illustrates one papermachine layout which may be press; 

used in accordance with the present invention; FIG. 30 illustrates a preferred pressure profile in the nip 

FIG. 5 is a graphical comparison of the products of the of a P*** where the negative pressure corresponds to 

present invention and conventional products in terms of void 45 lhe vacuum level m ™ 

volume and GMT/Basis Weight; HG. 31 illustrates a shoe press with a large diameter 

FIG. 6 is a graphical representation showing the impact of *™* fcr cylinder where the felt rides the web causing rewet 

creping variables and the relative permeability of various ***** ^ ^ ress m P ; 

fibrous sheets; • FKj. 32 illustrates a tapered shoe in a shoe press with a 

FIG. 7 is aSOxphotographic representation of the cross 50 lar S e ^ameter cylinder where the felt is rapidly 

machine direction of a 29 lb web mat ha^ 'been creped from separated from the web but not from the pressing blanket; 

a Yankee dryer, FIG. 33 illustrates a tapered shoe in a shoe press with a 

^WGr8^50^hoto-grap the cross large diameter transfer cylinder where the felt is simulta- 

machine direction of a 35 lb -web produced accord 55 ^PP^ from «** sheet ^ 60131 ** 

present invention and creped with a blade having a 10° bevel blanket; 

angle, fflustrating toe.delaimnation that occurs within the HG. 34 is a diagram illustrating various angles involved 

weo; in creping a web off of a Yankee dryer, 

FIG. 9 is a SOxphotographic representation of the cross HGS. 35A-C are diagrams of a narrow creping ledge 

. machine. cUr^on ! ota:35'ft^ according to the 60 beveled creping blade useful in connection with the present 

p r e s ent invention and cr e ped with a bl ade-havinga-lS 0 bevel invention; 

angle, illustrating the delamination that occurs within the FIGS. 36 and 37 are schematic diagrams illustrating 

. web; - • various, methods of mamtaining a narrow effective creping 

FIGS. 10A and 10B are plots of drying time and perme- shelf; and 

ability characteristics for a conventionally prepared 13 lb 65 FIGS. 38A-38D are diagrams of an undulatory creping 

basis weight wet-creped towel utilizing high ash recycle blade useful in connection with the process of the present 

furnish; invention. 
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DETAILED DESCRIPTION 



The present invention is directed, in part,. to methods of 
m a k i n g fibrous, typically paper products having improved 
prbcessabOity ; bulk,' absorbenc^aD^^ processes 

par^imaking. rnachihes of: conventional forming configura- 
tidh^if-so-d^ adapted for 

high speed manufacture of wet-creped products as described 

^respeet-fo^ 

fibW^ue^^^ th e spirit.and scope of-the 
mvention: will'- SeTreadny apparer^ in th> art 
TOe -present ihyention is defined in the claims appended 
he r eto.— — - - ^ - 



inorganic crosslinkers, or combinations thereof; such chemi- 
cals optionally comprising polyols, starches, PPG esters, 
PEG esters, phospholipids, surfactants, polyamines or the 
like. 

A particularly preferred process of the invention includes 
compactiyely ae watering a nascent web, followed by drying 
the web on a heated rotating cylinder, followed by wet 
crepin g the web from the cylinder,, followed by throughdry- 
ing the. creped" web, sometimes referred to as the YTAD 
■ggycssi terrin. Ag Lj^gjpf Jtjns ^process, L jhg web may be 
weVmolded on an impression ^abrfdiiftef OTping : from the 
drying -cylind er. In some embodiments of the process it is 
"desirable" to re-"wet the creped web with an aqueous com- 
jxisitidn prior to wet-molding the web. The aqueous com- 
position-can include any process or functional additive. Such 
-acMdyes [include softeners, debonders, starches, strength 
aids, retention aids, barrier chemicals, wax emulsions, sur- 
face^ modifiers, antimicrobials, botanicals, latexeSi binders, 
absorbency aids or combinations thereof, said additives 
optionally including phospholipids, polyamines, PPG esters, 
20 PEG-esters-and polyols, or the like. A preferred group of 
additives may be wet strength resins, dry strength resins and 
softeners. The web may be dried to a consistency of greater 
than 60 percent prior to creping and. then re-wet to a 
consistency (weight percent solids) of less than about 60 
percent prior to molding. 

The products and processes of the present invention are 
better understood by considering their hydraulic properties 
as well as wet resilience. 



15. 
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. _Imp i w sheet m accor- 

. . cdancedwjth=me£inv^ 
J^^a^Uul^^fgmish while controlling its micros tructure 
jugS^ web" wherem the 

^a^^^trOTu^fi^T^ 661 exhibits"* cnaractensnc Reynolds 
Nuini^r(d^ensionless, as hereinafter described) of less 
- --fea^about4--andVa characteristic dimensionless througlidry- 
'~in^g/co^aexOTbTfrom about 4 to* about 10. Throughdrying 
coefficients 6£from about 5 to about 7 are typical in some 
embodiments as is a Reynolds Number of less than about 
0:75gTfe;parameters may be determined while making the 
1 shSetSor^m^ured on a finished (dry).produa by measuring 
: :prasure£G^p;^ as?? a - function • of' ^airflow 4 : as 

described-, herein. Characteristic values of throughdrying 

1 ' ' • " Throughdrying Coefficient and Hydraulic Diameter 

Background material with respect to fluids, in general, 
appears in various texts, see, e.g., Iiepmann, H. W and A. 
Roshko, Elements of Gas Dynamics, Wiley, N.Y. (1957); 
Streeter, V. L. and E. B. Wylie, Fluid Mechanics, McGraw- 
Hill, New York, 1975, as well as the following articles 
specifically relating to flow through porous media: Green et 
al.. Fluid Flow Through Porous Metals, Journal of Applied 
Mechanics, pp. 39-45 (March, 1951); and Goglia et al., Air 
Permeahiisy of Parachute Cloths, Textile Research Journal, 
40 pp. 296-313 (April, 1955). Throughdry processes for absor- 
bent sheet are generally carried our with pressure drops 
across the sheet of 20" of .water or so. It has been found that 
processes and products of the present invention can be 
differentiated from known products and processes on the 
exceeds about 0.72, the hydraulic radius is less than about 45 basis of wet resiliency, hydrauHc diameter and a dimension- 
8xlOTi.ft.and when the void volume fraction of the sheet less throughdrying parameter or drag coefficient, <o CP , 
exceeds about 0.8* the hydraulic diameter of the sheet is less termed herein the Georgia-Pacific Throughdrying CoefS- 
r than r aboutf7x-10^. Typically, the hydraulic diameter of the cient As will be appreciated from the discussion which 
mveMyeVproducts is between about 3x1 0" 6 and 6x1 0" 3 ft. follows, throughdrying fibrous sheet is advantageously car- 
. The^we^sp ririgback ratio, is preferably at least about 0.65 and 50 ried oul m the flow regime where viscous pressure drop 
- r: %Pffii^ Products including predominates. - 

recycle^ fibers particularly usually exhibit a. void volume The complexity of flow through porous structures such as 
-^^s&a ctioj^ absorbent sheet requires the use of dimensional analysis in 

.^-^-^^^^^^^^l^jt^Wet sptingback ratios of at least order to approach the fluid-flow problem. In the case of a 
aJx^QJ>5j^ 55 viscous liquid flowing thorough a porous medium, dimen- 



35 



coefficients and Reynolds mimbers are obtained at substan- 30 
J^feainbicnt conditions on dry sheet at a pressure drop 
' -aOTS^tne-sheet of 20 inches of water or so. A characteristic 
■ R^eynplds Number of less than about 0.75 or even 0.5 is 
somewhat typical, particularly with respect to products 
'rnad^from; recycle furnish. The flow characteristics of the 
shee£areireiatively insensitive to moisture content, particu- 
> r - JMy£MenJthe-consistency of the sheet is above about 50 

.^Pffigg^.,; .;. y , 

^Son^ inrbducts of the invention generally have a void 
volume fiaction of from 0.55 to about 0.85 and are charac- 
tEteM^Hy^wet'resilience which is manifested by a wet 
; sprmgback ratio of at least about 0.6 as well as hydraulic 
malnMfe of ifrom about 3x10^ ft to about 8x1 0~ 5 ft with 
the proyisos-that -when the void volume- fraction of the sheet 



QJ$5 arid . 0 .75 .:aiie^^caLJaydraulic diameters between 
abourtxiO^^ typical as are 

hydrau]&^ ft or 4-6x10"^ 

fL The web may be prepared from a fibrou s furnish including 
ilosic or virgin wood fiber such as 
•straw^ nbers, sugarcane: nbers, bagasse fibers and syntneuc" 
fibers. Likewise, a variety of additives may be included in 
tiie 1 ui msfrtrratrjusttrie-sotm offier propi au ties ' 
of^the--- product-.. -Such- additives may include surface 
modifiers, softeners,, debonders, strength aids, latexes, 
opacffiers," o^clffbnghteners, dyes, pigments, sizing agents, 
barrier chemicals, retention aids, insolubilizers, organic or 



sional considerations show that when changes in elevation 
are neglected, the pressure gradient in the system may be 
expressed as 



60 



dP 
dx 



[11 



where 
65 P=fluid pressure 
x=length variable 
u=viscosity of fluid 
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11 

p=density of fluid 

.^^1ength~chaiacteriziiig pore openings 
F=an unknown function 
V=superficial bulk velocity of fluid 



*-6P 



Tor low values of velocity, 



-~T - const x — 
dx & 



J2L. 



c,.( 



df)p 



10 



which is the result experimentally verified by Darcy. Flows 
fsuflSciently high values of Revnolds ^humber, however, are 
characterized by the fact that the function F is proportional 
to the square of S^argumenL Thus Equation [1] takes the 15 
form 



H = U + P/tj 



12 

Defining relationship 
for heal capacity at 
constant volume. 
U is internal energy 

Defining relationship 
for heat capacity 
. at constant pressure. 
H is enthalpy 

Defining relationship 
far enthalpy 



(71 



(8] 



(9] 



dP 

"dx"' 



pV 2 



[3] 



From thermodynamics, we know that H, U, C v and C F are 
functions of temperature alone, independent of P and V, for 
a gas with the equation of state t^P/RT. Thus, we can 
separate equations [7] and [8], and integrate to obtain: 



20 



In the case of a porous medium, the losses due to the 
inertia of the fluid become progressively more important 
with increasing velocity. The gradual transition from the 
Darcy regime is marked by losses due to both viscous shear 25 
in creeping flow and to inertial effects; hence terms propor- 
tional to both the first and second power of the velocity must 
be included in the pressure-gradient equation as suggested 
by Forchheimer. By including the length parameter 5 in the 30 
unknown constants, Equations [2] and [3] may be combined 
into the form 



dU^CyrdT 

dH=Cr<rr 
from which: 

and 



HO] 
[11] 



[12] 



[13] 



~=anVfg e+ fipV 2 /g e 



[4] 
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The two coefficients a and P defined by Equation [4] are 
independent of the mechanical properties of the fluid which 
were considered in the derivation. Having only the dimen- 
sions of length, they characterize the structure of the porous 
material itself, and hereafter will be referred to as viscous 
and inertial resistance coefficients of the material. It may be 
noted that the viscous coefficient a, of dimension [IT 2 ], is 
the inverse of a perrneability coefficient defined by Darcy 1 s 45 
law. The inertial coefficient p with dimensions [L~ l ] may be 
interpreted as a measure of the tortuosity of the flow 
channels, perhaps as an average curvature of the streamlines 
deterrnining the accelerations experienced by the fluid. In 
terms of the conventional concept of kinetic-energy losses, 50 
P might represent a resistance equivalent to a certain number 
of contractions and expansions per unit length of path. 
The momentum equation may thus be written: 



which describe the internal energy changes for an ideal gas. 
The definition of enthalpy, in differential form, 

dH-dU+RdT [14] 

can be rewritten using equations [10] and [111 to form, 

C F dT=C v dT+RdT [15] 

and, 

Cp=C^R [16] 

If we define k to be the ratio of heat capacities, 



* = cv 



[17] 



The following useful relations arise by substitution into 
[11]: 



gJP+v+iV-dx+frVZdx+pV-dV^ 



[5] 
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C v = —R 



[18] 
[19] 



Now, multiplying through by p, and by defining the mass 
velocity, G, as equal to the product pV, i.e., having units 
Mt~Hr 2 , e<juation-[5] becomes 



60 



Turning to the 1" Law of Thermodynamics, the Principle 
of Conservation of Energy can be expressed as, 



g^HX&dx+p&dx+GpdiG/py^ 



[6] 



TdS = dU + Pd\ 



(1 \ 



[20] 



In the case of an adiabatic, isentropic process, and a gas 

having the equation of state T|=P/RT, where T] is the molar $5 which also serves as the defining relationship for S, the 

density,, the following definitions arise from thermodynam- Entropy. Note that unlike H, U, C P and S is a function 

ics: of both T and P (or, equivalently, T and V). 



13 



US 6,752,907 B2 

Re writing [20] with appropriate substitutions provides, 



14 



(22) 



n 

where 



^-^fop* £G]GL + (r- DG 2 ln(^) 



{32] 



1 *+l 



Collectin g tfmx ^ 



123] 



^ and rearranging, 



Utilizing [19],. we obtain," 





:[24] 




(25] 




[26] 



[33| 



gcPl Px-Pj 



[34] 
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■-taratn 



This equation may be used with laboratory air- 
permeability -data to obtain values for a and p through 
simple linear regression. 
If one can accept the assumption of an isothermal process, 
[27] 25 equation [34] can be further simplified, as in the isothermal 
case, k=l, and [34] becomes: 



[35] 



^Equations [25] to [27] provide equivalent forms of the 2-g|P glp } ' 2 * Lr\p x i ^ 

Iaw.of^ennc)dynamics. "—-30 

Since we are dealing here with an isentropic process, And since we assume an Ideal Gas equation of state 
dS=0, p=PM/RT, where Mis the molecular weight, lbm/lb-mol and 

we have: 



and" 



;[(?)"=(!/] 



[29] 



40 



and 

2GLKTi 



[37] 



(Pij* 



so that, for an adiabatic, isentropic process, which len^j^lftoAe W recession process. 

45 Under typical through-air drying conditions, the value of 
f3 °J P 2 will differ very little from that of P r (on an absolute 
pressure scale), such that the ratio of P! to P 2 will be very 
nearly unity. In the limit, as (P x /P^) approaches unity, the 
«.* „ - term, 
Thus, the system can be described at any future equilib- 

^urh^sca^^^e^imtial equilibrium state is described by 50 G jP 2 \ [38] 

equation [30]." Equation [30] n^y be written m Engmeering tHa' 

^JM^Vi^PRjac^ _ 



Pi 



tax? 



approaches zero. It has been found through laboratory 
l 3 ^] 55 experimentation that the elimination of the term [38] has 
little effect on the values of a and P predicted by the data. 
Hence, the further simplification: 



We may now re-write equation [6] in light of the Ther- 
[ above: 



60 



Mgc 



2CLRT\ } 



[39] 



~**nEP$^ 

V/ V \p) which proves adequate under most conditions. 

Now the Reynolds number for air flow through the fibrous 
c . " . - — :: 65 cellulosic sheet can be inferred from its definition as the ratio 

Simplifying, and integrating from x=0 to L, and P=P t to of inertia! to viscous forces at a point in the flow and from 
p2?.E?Pyides^ — L .JL. _ ; the significance of the terms in equation [4], 
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16 



Viscous_force ap 



r)pV (B/a)C (401 




J^?™F? *f^°r ^c»bydrai^^&amet^v^osctmeasure is length, 
„is now understood to cteracterize the geometry of the flow 
vthrough the mterstices~of the ^sheet Furthermo re, from 
equations [4j and |39J one can inter the existence of a 
jtoe^sionjKs^c^fficiCTt of throughdr ying air flow, termed 
H^^^jb^herGeo^ 

ratio of the total" "dissipative" forces to the inertial 



appreciated from the following Examples where a and P are 
determined ior an approximately 0.0007 ft thick absorbent 
sheet for throughdrying purposes by measuring the approach 
air velocity and the pressure drop across the absorbent sheet 
made in accordance with the invention. The sheet thickness, 
L> usedr-fot^uie aeterrnination of a and P may be from 
standard 8-sheet caliper values corrected to single sheet 
-thicknesses or may be calculated from the basis weight and 



10 



incp - °L, • — ■ — - 



-141] 
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Should- the flow -be confined to the viscous regime 
entirely, then equation [41] reduces to 



UiCP 



2 



[42] 25 



^jgoj^fil jmeasurements using the apparent density of the sheet 
calculatedrgenerally-as-discussed below in connection with 
U^^|Ta1^nt~bond " strength parameter. If it is desired to 
measu re- sheet- thickness di rectly, as with a micrometer, the 
c aliper of the she et may be measured using the Model II 
Electronic Thickness Tester available from the Thwing- 
Albert I nstrument Company of Philadelphia, Pa. The caliper 
is measured ori^a sample consisting of a stack of eight sheets 
using a;t wo-mch m'arneter anvil at a 539.^0.10 gram dead 
weight load The mass flow and pressure drop data of Table 
1 u taken on 'a Frazier Air Permeability Apparatus as is 
known .for purposes of determining the hydraulic diameter 
of the sheet in accordance with Equatiqn^§§ 

Examples 1 through 8 
In engineering units, O may be calculated as: 



<fi = 



Similarly, if inertia effects predominate, then equation 
[41] becomes 



2G/CT-, * L 



{46] 



30 



(43] 



where: 



Accordingly, for the range of flows considered, equation 
[41] may now be written as 



<**zp = 2 + — 

No* 



[44] 
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This equation, then, describes completely the hydrody- 
namic behavior for the throughdrying air flow through the 
absorbent sheet hypothesized to have negligible deformation 
over the range of flows considered. 

The parameters a and p can best be determined from the 
exrjerimental data if a new variable O is defined as: 



[45] 



40 



45 



50 



M = 


28.964 


Ibm/lbmolc* 


gc = 


32.174 


ft-Ibm/Ibfsec2 


upstream t^clpwrss 


2116.2 


Ibf/ft 2 * 


Pi = 






shcet.thickncss, L = 


7.29x10^ 


ft 




1545 


ft-Ibf/Ibmol-DegR 


T,= 


518.67 


DegR* 


P = 


0.07647 


Ibm/ft3 @ palm &T,* 


u = 


1.203 xlO" 3 


. Ibm/ft. sec* 



♦International Standard Atmosphere 



TABLE 1 



Determination of Hydraulic Properties 



.Downstream 






as will be appreciated from equation [39] above. 

Cleariy-0 is observed to be linearly dependent upon G, 
the mass velocity; further, a and p are related to the intercept 
and 4^ P e^f t^o, Jg^pt J^o^ Y er f only .two sets of 
values of O jin d G are necessary to establish the linear 
relation. The " above ^S^bW are^derived for a fixed 55 
geometry, aridjt is ass umed thkcTaiid P are related to the 
geometry of the. sheet an&mdependent of flow velocity. The 
assumptions of .isentropic_and adiabatic processes may be 
le ss tha n rigorous forreal-world systems. Indeed, one may 
arrive atVqiTahnriJjWahnvp fw^agris^iQw trirdugfi 'develop- 60 
n i e' niZ ot Eell^ . 
empirical relationships developed herein apply with a sur- 
prismg-^degiee: ofcrjrecisiGrr^Unexpectedly, - the- equations are 
applicable oyer-virtuaUy*the entire .range of values consid- 
ered of interest for characterizing absorbent sheet produced 65 
on a commercial scale;* even where the sheet is lightweight 
tissue stock, for example. This aspect of the invention is 



dP . 
Ib/ft 2 


V 
fps 


' pressure, P 2 
Ibf/ft 2 


G 

Ibm/sqft-scc 


£p Value 
gjbm/ft^sec 


31.1818 


5.93 


2085.0 


0.4505 


231889 


41.5757 


7.45 


2074.6 


0.5642 


246242 


51.9696 


8.80 


2064.3 


0.6648 


260582 


--6Z3635- 


' 10.10 


2053.9 


0.7612 


272450 


72.7574 


11.42 


2043.5 


0.8582 


281201 


83.1514 


1X77 


2033.1 


0.9573 


287389 


93.5453 


13.95 


2022.7. 


1.0434 


295887 


103.939 


•15.14 


2012.3 


1.1297 


302889 



Iniercept/p 

Hydraulic rtiamrtrr (HD) 



a (ft" 2 ): 
ftrT 1 ): 
pVa (ft): 



Slope: 103079.8 
Intercept: 189472.6 
1.575 x 10 10 
1.031x10 s - 
6.544 x KT 6 



So also, a GP dimensionless throughdrying coefficient 
may be calculated from the above data and constants for the 
velocity of 15.14 fps from equation [41] (engineering units) 
as: 
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OE^egf^^en for ;t h c v cfaaty-ofrorfrips^here co^p has a 
value of about 7.6. At these velocities, it will be appreciated 
that .the pressure drop has a very significant viscous com- 
"ponenL Likewise, the Reynolds Number at 8.8 fps may 
calculated as: 



10 
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" FIG. I is a plot oTa'char^eristic GP Throughdrying 
Coefficient's, a characteristic for various 

rjpoducts. In v generd,.products of the invention exhibit char- 
acteristic G P dtoughdr^g-coefficie ntstof from about 4 to 
about lO at characteristic Reynolds Numbers of less than 20 
about 1. The characteristic Reynolas/pimbers and through- 
drying coefficients referred to herein are calculated or deter- 
mined using the hydraulic diameters of the sheet as deter- 
mined above, for example, calculated as in Table 1 for 
Examples 1-8 and a pressure drop of 20 inches of water 25 
across the sheet The approach conditions and air properties 
(viscosity, density) are taken at International Standard 
Atmosphere (substantially ambient) conditions as in Table 1. 
It is typically most convenient to determine the hydraulic 
diameter of the sheet and characteristic properties, that is, 30 
characteristic throughdrying coefficient and characteristic 
Reynolds £nkmber in connection with a substantially dry 
sheet At characteristic Reynolds Numbers of less than about 
1, the various points shown indicate operation of the YTAD 
process described herein wherein the web was creped from 35 
the Yankee drying cylinder at various consistencies. Virgin 
and secondary (recycle) furnishes were used to make the 
products. In general, the YTAD process involves compac- 
tively dewatering a wet web by pressing the web onto a 
Yankee dryer, for example, wet-creping the web from the 40 
Yankee dryer followed by throughdrying the wet-creped 
web. There is also shown in FIG. 1 at higher characteristic 
Reynolds Numbers and lower characteristic throughdrying 
coefficients what are believed to be conventional process 
conditions for preparing throughidried products.. The prod- 45 
ucts illustrated on FIG. 1 are compared on FIG. 2 which is 
a plot of hydraulic diameter versus void volume fraction for 
the various products of the invention and what are believed 
typical . properties for conventional throughdried or TAD 
produce (described further below). It should-be appreciated 50 
frbrri~;HGr 2 that "the' various products of the invention 
generally have a smaller hydraulic diameter than corre- 

spondfflg^eonventional ^throughdried^products.. of •csimilar 

j»rpsity. 

-Examples 9 through 138 and Comparative 
Examples A-L 
Representative characteristic values for the products and 
proce sses of FIGS. 1 and 2 appears below in Table 2. Data 
_ ^orZoetenmnmg- the Jhydra^ were generated 60 

using a-Fiaziei Ail Peiuieabil ii y Apparatus'as noted above. 
Examples 9 through 48 represent physical properties and 
—^characteristic -drying conditions for absorbent- sheet made 
from recycled furnish with the additives, adhesives and so 
forth described further herein made by way of the YTAD 65 
process described in more detail hereinafter. Examples 49 
through-66are physical properties and characteristic drying 



conditions for absorbent sheet made from recycle furnish as 
in Examples 9 through 48 wherein the sheet was creped from 
a Yankee dryer at a consistency of about 55%. Examples 67 
to 122 are likewise physical properties and characteristic 
dr ying co nditions for absorbent sheet made from recycled 
furnish utilizing the YTAD process,~whereih the consistency 
upon creping was 62%, 65%, 70% and 75% as indicated in 

-^aWe^- Examples 123-131 were generated using virgin 
fiber and- the YTAD process, whereas the sheet of Example 

' 132rwas pfel?aTeid~by deiamination creping with a tempera- 
ture -differenti al between the drum and . air side of the sheet 
Examples . 133-138 are further examples thejpi iproducts and 
processes of the invention prepared as in Examples 9-48. In 
order to simulate drying conditions, the values of Reynolds 
NuflaWrand-^ying coefficient shown in Table 2 are calcu- 
lated at a pressure drop of 20 inches of water across the web. 

Comparative Examples A-L are believed to approximate 
conventional, throughdried products and processes. Such 
products and processes may include uncreped, throughdried 
products and processes as described by Farrington et al. in 
U.S. Pat . No. 5,607,551, as well as throughdried, creped 
products and processes as described in U.S. PaL No. 4,529, 
480 to Trokhan et al. Herein, such products and processes 
are referred to simply as TAD products or processes. 

' TABLE 2 

Hydraulic Diameter, Void Volume Fraction, and Throughdrying 
Coefficient \ 



Ex- 








Void 


Through- 






Hydraulic 


Reynolds 


Volume 


Drying 


pic 


Category 


Diameter 


Number 


Fraction 


Coefficient 


9 


YTAD GenI 


4392E-05 


0.978 


0.665 


4.045 


10 


YTADGenl 


4.913E-05 


1.036 


0.647 


3.930 


11 


YTADGenl 


5.127E-05 


1.029 


0.665 


3.945 


12 


YTADGenl 


5357E-05 


1.534 


0.674 


3-304 


13 


YTADGenl 


1.717E-05 


0.655 


0.665 


5.053 


14 


YTADGenl 


1.685E-05 


0.626 


0.689 


5.197 


15 


YTADGenl 


1.278E-05 


0.499 


0.688 


6.005 


16 


YTADGenl 


1.678E-05 


0.515 


0.678 


5.880 


17 


YTADGenl 


1.425E-Q5 


0301 


0.685 


5.991 


18 


YTADGenl 


1364E-G5 


0327 


0.682 


5.793 


19 


YTADGenl 


L202E-05 


0.439 


0.677 


6.560 


20 


YTADGenl 


1J2O2E-05 


0.491 


0.703 


6.074 


21 


YTADGenl 


1.141E-05 


0.504 


0.684 


5.970 


22 


YTADGenl 


1.147E-05 


0339 


0.700 


5.707 


23 


YTADGenl 


1.151E-05 


0345 


0.701 


5.670 


24 


YTADGenl 


1.034E-05 


0.489 


0.709 


6.087 


25 


YTADGenl 


1.156E-Q5 


0307 


0.701 


5.945 


26 


YTADGenl 


4.056E-O5 


0.931 


0.660 


4.148 


27 


YTADGenl 


3.630E-O5 


0.826 


0.651 


4.422 


28 


YTADGenl 


3.152E-05 


0.704 


0.645 


4.841 


29 


YTADGenl 


3.974E-Q5 


0.994 


0.658 


4.011 


30 


YTADGenl 


1990E-05 


0.736 


0.661 


4.718 


31 


YTADGenl 


3.782E-05 


0.962 


0.664 


4.079 


32 


YTADGenl 


3301E-05 


0.874 


0.668 


4.289 


33 


YTADGenl 


3J18E-Q5 


0.916 


0.655 


4.183 


34 


YTADGenl 


8.734E-06 


0362 


0.713 


5361 


35 


YTAErGenl 


1.245E-05 


0.450 


0.688 


6.440 


36 


YTADGenl 


L288E-05 


0.491 


0.689 


6.071 


37 


-YTAD-Genl 


13O7E-05 


0311 


0.691 


5.916 


38 


YTADGenl 


1303E-05 


0309 


0.755 


5.927 


39 


YTADGenl 


1.406E-05 


0.603 


0.724 


5315 


40 


YTADGenl 


1.149E-Q5 


0356 


0.708 


5397 


41 


YTAD Genl 


1.236E-05 


0313 


0.711 


5.902 


42 


YTADjGenl 


1.170EM>5 


0.465 


.0.702 


6.305 


43 


YTAD Geni 


lJ01E^O5 




G.G57 


6.097 


44 


YTADGenl 


1.076E-O5 


0368 


0.732 


5323 


-45 XTADjGenl 


1.070E-O5 


0380 


0.716 


5.449 


46 


YTADGenl 


1.O47E-05 


0391 


0.728 


5384 


47 


YTADGenl 


i:O47E-05 


0301 


0.713 


5.990 


48 


YTADGenl 


1J48E-05 


0.714 


0.712 


4.802 


49 


55%CrSol ' 


7.024E-06 


0.791 


0.757 


4330 
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JABLE-2^contmued 



TABLE 2-contimied 



Hydraulic Diameter, Void Volume Fraction, and Throughdrying 

' " " - " ' ~' : *" r ' '" ' : " . 'CoefScient- * • - 



Hydraulic Diameter, Void Volume Fraction, and Throughdrying 
Coefficient 



Ex- 
ple 



Category 



Hydraulic 
Diar* i f i ffr 



Reynolds 
.Number 



Void 
Volume 
Fraction 



Through- 
Drying 
Coefficient 



50 

■SE 



55% CrSol 7317E-06 1.023 0.757 
— 55%^€rSei - . 6343E 06 0.61 -5- 0.-754 
>59FeSo> ^-r?»58E^)5^^0?45 r^*^ a686- 
55% CrSol r.Q56E705:. .0.364 . 0.702 
559kCrSol 2;417E-05^. .,0.645-. - 0^75 
55 %^ CrSol U5SE- 05' 039 0 069S- 




56 

• ■ 57" 

:58;r 

-59- 
- 60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
W2r - 
103 
104 
. ,105_ 
106 

io; 



"55%CrSor 1.162E-05 
^55% C r Sol 1:2 34B=Q5= 

^55»Tasbi ;^i;i25eE=05 

55%CrSol . 1.113E-05 

■ --55* CrSol- -L260E-05 

55* CrSol 8.918E-06 

'"' 55% CrSol 8.28IE^06 

55%^CrSol %1QGE^06' 

55*CrSol 9.9I3E-Q6 

55* CrSol 8.69QE-06 

35%-CrSol 7.825E-06 

62%CrSc! 1.427E-C5 

62* CrSol 1.313E-05 

62*CrSol 1.381E-05 

62* CrSol 1.37IE-05 

62* CrSol 1.315E-05 

62% CrSol 1.258E-05 

62* CrSol 1.058E-05 

62%CrSol 7.419E-06 

65* CrSol 6.585E-06 

65* CrSol 1.635E-05 

65* CrSol 1.388E-05 

65* CrSol 1.358E-05 

65* CrSol 1.467E-05 

65* CrSol 1353E-05 

65% QrSol 1.182E-05 

65* CrSol 1.404E-05 

65% CrSol 1.158E-05 

65% CrSol 1.260E-05 

65% CrSol 1 J33E-05 

65% CrSol 1J250E-05 

65% CrSol 1.607E-05 

65% CrSol 1.441E-05 

65* CrSol 1.527E-05 

65* CrSol 1351E-05 

65* CrSol , 1.476E-05 

65* CrSol 134IE-05 



3.955 

5.254 
^-6:438- 

7.498 
..5,102 

7.12 5- 



0:417 0.694 
=^530--- 0^705 
•-0689 



65* CrSol 1.286E-05 
65% CrSol- U337E-05 
65% CrSol 1.921E-05 
65% CrSol 2.217E-05 
65%. CrSol 1.244E-05 
65% -CrSol 1.366E-4)5 
* • 65%^CrSol' • l:392E-05 
65% CrSol . 6.049E-O6 
.70%. CrSol. 4.128E-05 
~70%r€rSol---v-3T5HE-05—^0.886 l. . .0.658 
=70% CrSol 3.321E-05 0.979 0.680 
70% CrSol 2.003E-05 0.630 0.660 
^TO^CrSpWsn&O^ ,,,-0748 
70% CrSol < 1.703E^fc : v -0304 : 0.688 " 
TSWOSol 



0.428 
---4LS11 
0.466 
0.413 
0330 
0328 
0.496 
0.405 
0.601 
0.524 
0308 
0345 
0399 
0.627 
0.686 
0.624 
0.674 
0.722 
0.613 
0.608 
0.657 
0.639 
0.487 
0.560 
0.508 
0311 
0.712 
0.820 
0.866 
0.794 
0.614 
0324 
0354 
0.631 
0.601 
. 0.647 
0.713 
0.795 
0.450 
0.494 
0336 
0.665 
1.041 



0.708 
0.709 
0.717 
0.702 
0.712 
0.719 
0.724 
0,714 
0.694 
0.688 
0.668 
0.682 
0.686 
0.705 
0.707 
0.714 
0.794 
0.705 
0.704 
0.698 
0.698 
0.706 
0.694 
0.674 
0.682 
0.679 
0.698 
0.714 
0.698 
0.701 
0.701 
0.697 
0.705 
0.702 
0.702 
0.699 
0.669 
0.686 
0.744 
0.684 
0.680 
0.751 
0.644 



!4^7E^05rjrr0329- . 0.666 

108 75% CrSol :.5318E-05 r : 1.164 , 0.669 

109 75%-CrSol- - 4.895E-05" 1 L017 6.669 

110 " 75% GrSol — 5.220^05-^-.- 1.487 0659 

111 75% CrSol . .; ..4.286E-05i A 0.824 0.658 

112 75% CrSol * 2:164E-4)5- -0.662 0.651 

.-H3-^^5%-€rSci ,-k80J£-r05— ^-0323 Q.£52— 

71141 .75 % CrSol * LSO i SE^OS ' 0ti 22r — 0*56 
.-Hj 75 ^^1^-1,6941^5— -0.601-- ( T 67 ' 6 

116 75% CrSol 3.88 1E-05 0.738 0.656 

118 75% CrSol. 4368E-05 _ 0.883 0.655 

119 75%^G5or^3KE^1^ft642-- 0.659~ 

120 75% CrSol ' 3.665E-05 0.712 0.646 

121 .75% OS5l-'- ^99rE^S— =£058--- $.651 



6.798 

- v5.-777r 

5.979 
6.672 
5.915 
6.295 
6.846 

5,789 

6.032 

6.934 

5.330 

5.817 

5.933 

5.673 

5.336 

5.190 

4.917 

5.205 

4.966 

4.771 

5.263 

5.290 

5.046 

5.129 

6.111 

5.570 

5.940 

5.915 

4.807 

4.440 

4311 

4318 

5.257 

5.818 

5.610 

5.169 

5.328 

5.092 

;.4.804 

4.515 

6.443 

6.047 

5.735 

5.005 

3.921 

4.257 

4.044 

5.176 

8.486 

5.971 

4.153 

3.718 

3.966 

3.684 

4.426 

5.019 
-5,822 

5.217 
"3330- 

4.709 
^679_. 

4.264 
-5416 

4.807 

3.890 





Ex- 








Void 


Through- 




am- 




Hydraulic 


Reynolds 


Volume 


Drying 




ple 


Category 


Diameter 


Number 


Fraction 


Coefficient 
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75% CrSol 


3.826E-G5 


0.744 


0.651 


4.689 


10 


123 


■ r-V4rguiEuni.,- 


■ 7.Q24E-06 - 


0.791 


0.757 


4330 




124 


»~Vh^nForn-- ■ 


-7317E-06 


1.023 


0.757 


3.955 




125 


VirginFurn 


6.Q49E-06 


0.665 


0.751 


5.005 




126 


'VirginFurn^ — 


~6385E-r06 


0.674 


0.794 


4.966 




-127- 


... VirginFurn 


6343E-06 


0.615 


0.754 


5.254 




128 


VirginFum 


7.844E-06 


0356 


0.736 


5.600 


15 


129 


'VirginFurn 


1.861E-05 


0.564 


0.669 


5.548 


130 


VirginFum 


1.007E-05 


0.342 


0.684 


7.841 




131 


VirginFurn 


9.296E-06 


0.490 


0.000 


6.080 




132 


Delanx Crepe 


7.689E-06 


1.213 


0.805 


3.649 




133 


YTADGenl 


238GE-05 


0317 


0.644 


5.870 




134 


YTADGenl 


1.807E-05 


0.536 


0.669 


5.730 


20 


135 


YTADGenl 


1.329E-05 


0.458 


0.682 


6371 


136 


YTADGenl 


1.169E-05 


0.434 


0.693 


6.609 




137 


YTADGenl 


1.156E-05 


0.351 


0.690 


7.691 




138 


YTADGenl 


4.716E-05 


0.697 


0378 


4.868 




A 


Simulated TAD 


1.704E-05 


1.5C0 


0.771 


3333 




B 


Simulated TAD 


1382E-05 


2.036 


0.803 


2.982 


25 


C 


Simulated TAD 


8324E-06 


1.144 


0.799 


3.749 


D 


Simulated TAD 


1330E-Q5 


2.111 


0.820 


2.947 




E 


Simulated TAD 


3.889E-05 


11.952 


0.814 


2.167 




F 


Simulated TAD 


3.871E-05 


13.327 


0.811 


2.150 




G 


Simulated TAD 


2.858E-05 


9349 


0.826 


2.209 




H 


Simulated TAD 


1.267E-Q5 


4.876 


0.846 


2.410 




I 


Simulated TAD 


1.255E-04 


45.211 


0.835 


2.041 


30 


J 


Simulated TAD 


4334E-05 


16.162 


0.821 


Z124 




K 


Simulated TAD 


1372E-05 


5.888 


0.836 


2340 




L 


Simulated TAD 


3320E-O5 


11368 


0.812 


zm 



The advantages of the YTAD process are understood by 
35 reference to Table 3 which is a comparison of throughdrying 
costs from about the consistency indicated to near dryness. 
As can be seen, the YTAD process makes it possible to 
throughdry even those products made from secondary 
(recycle) furnishes at throughdrying costs comparable to 
40 conventional TAD processes. likewise, non-wood fibers 
such as straw, synthetic fifeej^gasse fiber or sugarcane fiber 
may be employed. Given the substantial upstream cost 
advantages of compactively dewatering the furnish, it will 
be appreciated that the YTAD offers significant drying cost 
45 advantages'oyer conventional processes. 

Processes in accordance with the invention may typically 
include sheet exhibiting a characteristic Reynolds Number 
of 0.75 or, less, jor even less than 0.5. A characteristic 
Reynolds Number of less than about 0.75 with a character- 
50 istic throughdrying coefficient of from 5 to 7 is somewhat 
typical. Wheftthe void volume fraction of the products of the 
invention exceeds about 0.8, the hydraulic diameter of the 
myentiy_material s is less than about 7X10" 6 ft Hydraulic 
^Qjanaaers between about 4x10^ to 8x10^ ft are typical at 
55 high void volumes, wim hydraulic diameters of up to about 
6 or 7x10"^ ft_ being preferred. Wet springback ratios of 
between about.. 0.65. and 0.75 are likewise typical of the 
products. Products made with recycle furnish may typically 
have a void volume fraction of from about 0.55 to about 0.70 
60 and!a hydrauHc.diameter of from about 4x10^ ft to 5x10^ 
ft. While - the YIAD -proeess is one aspect of the invention, 
the novel products of the invention, whether defined in terms 
of ■hydraulic properties or internal bond strength parameter, 
may be made by any suitable means, including impingement 
65 air drying. One such process includes compactively dewa- 
tering the web, applying the web to a Yankee dryer and 
partially drying the web, followed by wet-creping the web 
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and impingement air drying is' described in U.S. Pal. No. 
6,432,267 entitled "Wet (^p ing-7mpTngefnent Air Dry 
Process for Making Absorbent Sheet" of Watson et al., the 
aisclosure.of which is mcorporaied herein by reference. An 
^P^e^^f^^l^lfig pn^cess neecfnoi Involve creping, 

described in U.SrPiL No:~6;447,640 entided 'Impingement 
Air . Dry Process for Making Absorbent Sheet" also of 
"watson et aJ., the disclosure of which is incorporated by 
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are followed by unloading (cycles B and Q. Finally, the 
sam ple is again compressed to 0.025 psi (0.172 kPa) to 
obtain a final thickness (cycle D). (Details of this procedure, 
including compression speeds, are given below). 

Three measures of wet resiliency may be considered 
which are relatively insensitive to the number of sample 
layers used in the stack. The first measure is the bulk of the 
wet sample at 2 psi (13.8 kPa). Tins is referred to as the 
"Compressed Bulk". The second measure (more pertinent to 



uioviujuiL ui wuiL.il u> uxturpunueu oy ^wmp»,oo^ uuia. . i uc awuuu measure ^more peraneni I 
reference^ togejhexjyitlL^^ of the following in the f ollowing examples) ^Jara^ ^j^-^ asb^.R^- . 

■Umted*States ^atentsvrelatinf* frvimmnoMnpn^^v ^nr,. which-is-the ratio of the moist sample thickness at 0.025 psi 

(0.172 kPa) anhe end of the compression test (cycle D) to 
the thickness of the moist sample at 6.025 psi (0.172 kPa) 
measured at the begmning of the test (cycle A). The third 
measure is the "Loading Energy Ratio", which is the ratio of 
loading energy in the second compression to 2 psi (13.8 kPa) 



-~United<.States Patents-relating to-impingement air drying 
U.S. Pat. No. 5,865,955 of Dvespaaet et al. 
_US._PaL No. 5,968,590 of Ahonen et al. 
. ^S.JPaL No 6 2 00M2_1 of Ahonen et al. 
U.S. Pat No. 6,119,362 of Sundqvist et al. 



TABLE 3 



Comparison gfTtaoughdrving Costs 



TAD 















TAD Roll 
Vacuum 




TAD 


Drying 


Sample 
Description 


Furnish 


Void Vol 


Basis Wt 


Caliper 


GM Tensile 


TAD Drying 
Fuel 


Drying 
Electrical 


Total 
Costs 


gms/gm 


Ib^OOOft 2 


nrils/8 Sht 


gms/3" 


•wc 


KWH/Ton 


KWH/Ton 


S/Ton 


YTAD 
55% Yankee 


100% Recycled 


5.0 


29 


113 


2902 


27 


1406 


195 


S18.61 


Solids 




















YTAD 
65% Yankee 


100% Recycled 


43 


26 


71 


5007 


40 


1354 


283 


$20.52 


SoHds 




















YTAD 
55% Yankee 


100% Virgin 
Blend 


5.8 


32 


117 


2323 


14 


1442 


125 


$17.02 


Solids 




















YTAD 
55% Yankee 


100% Virgin 
Blend . 


7.5 


36 


N/A 


1613 


11 


1529 


169 


$19.06 


SoHds 




















High Delam 




















Typical 100% Virgin 
TAD/UCTAD Blend 


8.7 


30 


160 


3735 


7 


1547 


156 


$18.86 


Conventional 




















Sheet 





















Wet Resiliency 

Unlike conventional wet-pressed products, the products 
of the present invention exhibit wet resiliency which is 45 
manifested in wet compressive recovery tests. A particularly 
convenient measure is wet springback ratio which measures 
the ability of the product to elastically recover from com- 
pression. For measuring this parameter, each test specimen 
is prepared to consist of a stack of two or more conditioned 50 
(24 hours @ 50% RH, 73° F. (23° C)) dry sample sheets cut 
to 2S" (6.4 cm) squares, providing a stack mass preferably 
between 0.2 and 0.6 g. The test sequence begins with the 
treatment of the dry sample. Moisture is applied uniformly 
to-the-sample using a fine mist of deionized water to bring 55 
the moisture ratio (gwater/g dry fiber) to approximately 1.1. 
This is done by applying 95-1 10% added moisture, based on 
the conditioned sample mass. This puts typical cellulosic 
materials in a moisture range where physical properties are 
relatively insensitive to moisture content (e.g., the sensitiv- 60 
i ty is much-less t han-it-is-faT m eusture-fatiQs4ess 4han^0%>. 
The moistened sample is then placed in the test device. A 
programmable strength measurement device is used in com- 
pression mode to impart a specified series of compression 
cycles to the sample. Initial compression of the sample to 65 
0.025 psi (0.172 kPa) provides an initial thickness (cycle A), 
after which two repetitions of loading up to 2 psi (13.8 kPa) 



(cycle C) to that of the first compression to 2 psi (13.8 kPa) 
(cycle B) during the sequence described above, for a wetted 
sample. When load is plotted as a function of thickness, 
Loading Energy is the area under the curve as the sample 
goes from an unloaded state to the peak load of that cycle. 
For a purely elastic material, the spingback and loading 
energy ratio would be unity. The three measures described 
are relatively independent of the number of layers in the 
stack and serve as useful measures of wet resiliency. One 
may also refer to the Compression Ratio, which is defined as 
the ratio of moistened sample thickness at peak load in the 
first compression cycle to 2 psi (13.8 kPa) to the initial 
moistened thickness at 0.025 psi (0.172 kPa). k 

In carrying out the measurements of the wet compression 
recovery, samples should be conditioned for at least 24 hours 
under TAPPI conditions (50% RH, 73° F. (23° C.j). Speci- 
mens are die cut to 2.5"x2J" (6.4x6.4 cm) squares. Condi- 
tioned sample weight should be near 0.4 g, if possible, and 
within the range of 0.25 to 0.6 g for meaningful compari- 
sons.- Tie-target mass of 0.4 g is fcMveif^Tgmi 'ctbrV 
of 2 or more sheets if the sheet basis weight is less than 65 
gsm. For example, for nominal 30 gsm sheets, a stack of 3 
sheets will generally be near 0.4 g total mass. 

Compression measurements are performed using an 
Instron (RTM) 4502 Universal Testing Machine interfaced 
with a 826 PC computer running Instron (RTM) Series XII 
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software (1989 issue) and Version 2 firmware. A 100 kN load 
--celUs-used-4^ath-2^ 5 ,, (5 . 7 2-cm)- diamet f T circular-platens 
for sample compression. The lower platen has a ball bearing 
assembly to allow exact ahgnment of the platens. Hie lower 
plater^ jodk^ (3 0-100 Ibf) 

iY30-=W5"N)-byffie upper-platen to ensure paraUeTsurTai£s. 
The upper platen must also be locked in place with the 
--.standardring nut tn eliminate play, in the nprwxplatrn as load 
is applied. 

instamient connol panel is used to set the extensiometer to 
zero Stance "whfle t^ (at a load of 

10 - 30; lb, (4 .5 13 r 6 kg) ) . With m e^ipper^latenH&eely- 



0.004 lb (1 .8 g) in Block 1 and every 0.05 lb. (23 g) or 0.005 
in._t0.13.mm) (whichever comes first) in Block 2. 

The results output of the Series XII software is set to 
provide extension (thickness) at peak loads for Markers 1, 2, 
5 4 and 6 (at each 0.025 (0.172 kPa) and 2.0 psi (13.8 kPa) 
peak load), the loading energy for Markers 2 and 4 (the two 
compressions to 2.0 psi (13.8 kPa) previously termed cycles 
. B and C respectively), and the ratio of final thickness to 
initial thickness (ratio of thickness at last to first 0.025 psi 
10 (Q. l«724-Pa)xonapgession). Load, versus thickness results are 
plSft^orrthe screen during execution of Blocks 1 and 2. 
_ jn- perf ormirig a measurement, the dry, conditioned 
sample^noistened (deionized water at 72-73° F. (22.2-22.8° 
C.) is^Spplied). Moisture is applied uniformly with a fine 
15 mist to.rjea^OJnioist sample mass of approximately 2.0 
times m^iriirial sample mass (95-110% added moisture is 
applied,_preferably 100% added moisture, based on condi- 
tioned sample mass; this level of moisture should yield an 
absolute moisture ratio between 1 . 1 and 1 .3 g. water/g. oven 
The upper jriateri is men rased to a ; height of 6.2 inT and 20 dry fiber— with oven dry referring to drying for at least 30 



suspended, me ca^brated loaoVcell is balanced to giv e a zero 
rean^.-JI ^^xteasi omet er and l oad c eT lyhould be peri- 
odically checked to ^prevent baseline drift (shifting of the 
zero-points):-Measurments-mu^ a con- 

trolled humidity, and temperature environment, according to 
TAPPI si^cations (50^7±2% RH and 73° _F. (23° C.)). 



control of the Instron is transferred to the computer. 
...IT^ software, an 

instrument sequence is established with 7 markers (discrete 
events) composed of 3 cyclic blocks (instructions sets) in the 
following order 



Marker 1: 


Block 1 


Marker 2: 


Block 2 


Marker 3: 


Block 3 


MaAer 4: 


Block 2 


Marker 5: 


Block 3 


Marker 6: 


Block 1 


Marker 7:. . 


Block 3. 



Block 1 instructs the crosshead to descend at 1.5 inVmin 
(3.8 cm/min) until a load of 0.1 lb (45 g) is applied (the 
Instron setting is -f(H lb : (-45 g), : since compression is 
defined as negative force). Control is by displacement. 
When the targeted load is reached, the applied load is 
reduced to zero.* 

Block 2 directs that the crosshead range from an applied 
load of 0.05 lb (23 g) to a peak of 8 lb (3.6 kg) then back to 
0.05; lb (23 g) at a speed of 0.4 mymin. (1.02 cm/min). Using 
the Instron software, the control mode is displacement, the 
limit type is load, the first level is -0.05 lb (-23 g), the 
second level is -8 lb (-3.6 kg), the dwell time is 0 sec., and 
the number of transitions is 2 (compression, then 
relaxation); "no action" is specified for the end of the block. 
—Block- 3f uses displacement control, and limit type to 
simply raise the crosshead to 6.2^31(0^1 cm) at a speed of 
4 inVrmn. (10.2 cm /min ), with J) dwell time. Other Instron 
sofrware settings are.0 in first jeveU 0.2^(6.5icm) second 
levej, 1 transmon^ ancT 



minutes in an oven at 105° C). The mist should be applied 
uniformly to separated sheets (for stacks of more than 1 
sheet), with spray applied to both front and back of each 
sheet to ensure uniform moisture application. This can be 
25 achieved using a conventional plastic spray bottle, with a 
container or other barrier blocking most of the spray, allow- 
ing only about the upper 10-20% of the spray envelope — a 
fine mist— to approach the sample. The spray source should 
be at least 10" away from the sample during spray applica- 
30 don. In general, care must be applied to ensure that the 
sample is uniformly moistened by a fine spray. The sample 
must be weighed several times during the process of apply- 
ing moisture to reach the targeted moisture content No more 
than three minutes should elapse between the completion of 
35 the compression tests on the dry sample and the completion 
of moisture application. Allow 45-60 seconds from the final 
application of spray to the beginning of the subsequent 
compression test to provide time for internal wicking and 
absorption of the spray. Between three and four minutes will 
40 elapse between the completion of the dry compression 
sequence and initiation of the wet compression sequence. 

Once the desired mass range has been reached, as indi- 
cated by a digital balance, the sample is centered on the 
lower Instron platen and the test sequence is initiated. 
45 Following the measurement, the sample is placed in a 105° 
C. oven for drying, and the oven dry weight will be recorded 
later (sample should be allowed to dry for 30-60 minutes, 
after which the dry weight is measured). 
Note that creep recovery can occur between the two 
50 compression cycles to 2 psi (13.8 kPa), so the time between 
the cycles may be important. For the instrument settings 
used in these Instron tests, there is a 30 second period (±4 
sec.) between the. begirjning of compression during the two 
cycles Ur 2 psi i_(13.8 kPa)^ Hie beginning of compression is 
defined as the point at which the load cell reading exceeds 
QjQ3 lb. (UJS g). Likewise, there is a 5-8 second interval 
between the beginning of compression in the first thickness 
measurement (ramp to 0.025 psi (0.172 kPa)) and the 
beginning of the subsequent compression cycle to 2 psi (13.8 



55 



^^on" at the end of the block. 
When executed in the ord er given above (Markers 1-7), 
the Instron sequence compresses the sample to 0.025 psi (0. 1 
Ibf) [0.172 kPa (0:44 N)], r relaxes, then compresses to 2. psi 

(8 lbs) [13 .8 kPa (3.6 Kg)], followed by decompression and _ ^ ^ 

^ ^^^^ ^ t 0 ' Q ^ !^ n u : ^ ™£ Ae £^ 60 ^ interval "between me^be^m^ng Toft^ second 



compression cycle to 2 psi (13.8 k?a) and the beginning cf 
compression for the final thickness measurement is approxi- 
mately 20 seconds . 

65 Examples M through O and 139, 140 

Using the procedures described above, two commercially 
available conventional wet pressed products (M+N) and one 



k&KgaVsulaxes, lifts die aossh emh 
to 0.2 in. (0.51 cm), compresses again to 0.025 psi (0.1 Ibf) 
[0:172 RPal07fn~N)}ra^ ^ 

logging sliould^)e^petfdrrnfio%^-intervals no- greater than 
every 0.02f (0.051 cm) or 0.4 lb (180 g), (whichever comes 
first) for Block 2"anxrforintervals no greater than 0.01 lb (4.5 
g) for Block^r-Preferablypdata-logging is performed every 



US 6,752,907 B2 
25 26 

conventional uncreped, throughdried product (O) were com- 

4J2ffioL^ awiM)^^ TABLE 4a ^ ntimied 

present invention prepared by way of the wet pressing/ 



Yankee drying/triroughdrying process of the invention Examp le 139 Product Characteristics 

(YTAp)- The samples were all wclied to i00% as noted 5 — Esanyk !39 

^aBSVe^^^^.mrriam^To^r----^- " >.» • ^wMdasmr VHue Units 



TARf F. d tporqfil Dry 0.028 gm 

- cftoTrfjrWet 0.151 gm 



Wet Resiliency _ ^rnfil Delta 0.123 gm 

0.8 gm/cc 




Ewimple ' Units M N " "b 139 lio ^^^ff^H^' 00 ^ ' * " *: 9 



Wet CaE per @ ■ *mfls r 519 81.1 94.9 j/ / r> x 
.025 psi (1) —■ : — Aa-EBSP of-284.65 g/in/mil is calculated 

Wet Caliper,^ nrib 28.7 41.9 64 J 52 " 

. ^^r^i^ X— „ 15 « ~ Microstiucture Control 

ySSBSa^g ^ "^^425-05166" ^6754 - 0.7374 0.6860 " ^^^^^^^IT 

Ra tio, t , _ The unproved processes according to the present lnven- 

■ ' — — ^ tion- also^include controlling the characteristic void volume 

^ . ... . upon creping m-grams/g of greater than about 9.2-70.O48X 

v^xgh.be seen, the YTAD products exMWtJ^jealience w k^fi?:2^ ^ the GMT of the as-creped product (grams/3") 
sirnilar:b; and even higher than, uncreped" thrbugntiried 20 divia^' byn^^basis weight of ;the as-creped. product (lbs/ 
products and significantly higher than conventional wet 3000 ft 2 ). .More typically, the web. exhibits a characteristic 
pressed "products. ' ... .... volume upon creping msgnun^g ; bf greater than about 

9.5t0.048X wherein X is the. GMT of the as-creped product 
Internal Bond Strength (grams/3") divided by the. basis weight of the as-creped 

25 product (lbs/3000 ft 2 ). In a preferred embodiment the web 
Fibrous sheet in accordance with the invention also exhib- exhibits a characteristic void volume of at least about 6.5 
itl ; a; relatively high strength as can be seen from FIG. 3, gms/gm upon creping whereas at least about 7 gms/gm upon 
whichf-is-a plot^of wet springback ratio,: versus, an internal creping is even more preferred In some embodiments the 
bond strength parameter ("IBSF*) in g/in/mil'. Hie products characteristic void volume of the web may be at least about 
of the invention exhibit IBSP values of about 140 or greater, 30 7 5 gms/gm upon creping with at least about 8 gms/gm upon 
typicaljy. to about 500, and more typically, between about creping being preferred in some cases. 
175^^300 as.shown in .FIG. 3 which, valu^.trnght, be Absorbent sheet of any suitable basis weight may be 
aplnevedalong with wet springback ratios of anywhere from manufactured by way of the process of the present invention. 

°; 8 ; raferred are products with a wet spring- In some preferred embodiments the product will have a basis 
SSt ^ weight of at least about 12 lbs per 3000 ft 2 ream and in still 

0.65 One of skill in the art will appreciate that others basis weights of at least20 lbs per 3000 ft 2 ream or 
the products of the mvention exhibit relatively high GMT as at i™. lh^ nr^n ihc^^nm 5 JlL 

The-IBSP-is calculated as follows: (^^the-GNlT/'g/S^is Generally speaking, m accordance with the improved 
divided' by 3 to get a per inch value; (b) the basis weight is wet -creped process of the present invention, the web is 
expressed in grams per square meter, (c) the apparent 40 dewatered to a consistency of at least about 30 percent prior 
density ^based on the .^Sll^test described above is deter- to ' 01 contemporaneously with, being applied to the heated 
mined by dividing the dry weight of the poroS^ampIe by cylinder. De watering the web to a consistency of at least 
the sum^of the dry sample weight divided by 0.8 (fiber about 40 percent prior to drying the web to the heated 
density), and the wet sample weight less. dry. weight divided cylinder is preferred in many embodiments On die heated 
by£tffiH-.9- (density of the fluid) or . , 45 cylinder,, 

50 percent in many cases and may be dried to a consistency 
Apparent density = Diy sample weight of 60 or 70 percent or higher if so desired. 

— — - L^fey. .weight , wet wi-diy wt ' The werxmayJje.creped.from the heated. cylinder by any 

0 8 \ 9 known technique. Generally such techmques utilize a crep- 

50 mg blade and a creping or pocket angle of from about 50 to 

(Bffi^lWclmess of the sheet is expressed in thousandths of *?* 125 10 embodiments a beveled creping 

an inch (mils) by dividing the square meter basis weight in 1S used wherein ±c P 0 *** * about 65 to 

-step tb^JT^e^arerir^sity ; and dividing- by 25 4 'to 3150111 90 degrees ' ^ - bevd 011 ^ bIade ^ ^ of ^ 
convert:umts;: < ffl ^ in step (a) sm! ^k' a ?lL c tyP* 03 ^ ^ a*»ut 0 to about 40 degrees or 

is-divided by^the thickness in mils as calculated in step (d) 55 m some ernbodiments from about 0 to about 20 degrees. In 
to -amve-at-an-fflSP- in^g^nnlJThus, for the sheet of ^ e £^ular]y PTCferred^embodiments the web is creped 
Example 139 above havmglhTfoTfowing characteristics: from the heated cylinder with an undulatory creping blade so 

" ... .v. as to form a reticulated biaxially undulatory product with 

^T ABLE 4a - crepe bars extending in the cross direction and ridges 

■ - ■ 60 exleiiding in.:the r machine dir ection. In such_ instances, die 

====F3= ^ "pnxiuct may^have frcm-abcur T 8-^ 

.^^ , Example 139 inch in the cross direction and from about 4 to about 50 

fcw Measure * " Vame ~~uri* "~ " ^ges^er-meh-exteridmg-m^the^^m^ 
^ ' ~ ^ ' ~ - — ferred method of-utflizmg -an undulatory. crepmg b^ 

4983.61 gm/3-in . 65 where the blade is positioned configured and dimensioned so 
25 " 55 ^^/3000sqft as to be in continuous undulatory engagement with a heated 

rotating cylinder over the width of the cylinder. 
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The wet web may be creped from the heated rotating 

. cylinder while maintaining a narrow effect jve {-raping shelf 

having a width of less than about 3 times the thickness of the 
web.- One way of maintaining -a suitably narrow effective 
creping shelf is to use a creping blade having a creping ledge 
w# &Tot3 &^ 

may be prepared from virgin hardwood or softwood fiber or 
pre pared from a fibrous furnish comprising fiber other than 
virgin wood fiber. The nornish optionally comprises a non- 
food fiber scje cted from 

•- ^ '^P^^^y^jdy ^^^g^^^^ s ^ ^pgactiee^- rising - 
secomiarybr^ ceUulosic fiber. Tne~recycl^fii^in 
some instances may be at least about 50 percent by weight^ 
u f the fibe i present ur mure, such as cases whe r e recycl ed' 15 



fiber-fnakes^up-^a^^^ 

fiber pr esent and sometimes nearly all o f the cellulosic fiber 
(from more than 75 up to 100 percent) present m the web 
may be^recycl^d iSber/^process of the~present invention 
advantageously utilizes compactiye; dewater ing./This is. car- 
ried out by the application of mechanical pressure on the 
web.thaLmay. include pressing the furnish between a form- 
ing wire and a papermaking felt or fabric or may be 
accomplished by pressing the web on a fabric in a transfer 

nip defined by a press roll and the aforesaid heated rotating 25 k even more preferred. 



("fpm") while aerodynamically supporting the web to pre- 
serve its creped structure. Aerodynamic support may be 
accomplished using a passive air foil which may be con- 
toured or uncontoured or aerodynamic support may be 
5 practiced utiiizing.a-Goanda effect.air foil. .So.aiso, the wet 
web. may^be supported by being vacuum drawn to a perme- 
able sheet disposed over die open draw or supported by a foil 
including. a__plurality of overlapping plate portions as 
de^^liereinafter. The open draw is generally at -least 
1 0 about_two_^feet inJength whe reas an open chaw of at least 
- abeat4hree^eet4n4ength is more, typical in many instances. 
The-inv eriti ve.proc ess.is advantageously practiced wherein 
JLfie sheet is transferred over the open draw at a sheet speed 
of lit "leasrSKttffp minute), preferably at least 

2500 or 3000 fp nx- A speed of at least about 4000 fpm or 
even750iffl3^ in some cases. Likewise, 

the creped^web is ^advantageously throughdried at high 
chyin^ rates." A "rate of at least about 30 pounds of water 
removed per square; foot.of through-air .drying surface per 
2Q- frfim-re desiTaMe^ whereaji a thmiighdrying rate of at least 
about 40 pounds of water removed per. square, foot of 
through- air drying^ surface per ^hour is more , preferred. A 
through-air drying rate, of at least about 50 pounds of water 
removed per square foot of throughefaying. surface per hour 



cylinder as further described and illustrated hereafter. 
^^^j.J^l^?^.. ni ?y compactively dewatered in con- 
troUed pressure -shoe press on a papermakmg felt if so 
desired. A particularly preferred type of controlled pressure 
shoe press is described in co-pending Application Sen No. 
097191,376, filed Nov. 13, 1998 entided ''Method for Maxi- 
mizing -Water Removal In A Press Nip" of Steven L. 
Edwards et al, now U.S. Pat. No. 6,248,210, the disclosure 
of which is incorporated herein by reference. Generally 



It will be appreciated by one.who.is skilled in the art that 
a variety of techmqnes may^be u the desired 

voidage in the asrcreped web. One method involves utilizing 
modified fiber. One may,, for example, subject a portion of 
30 the fiber supplied to the aqueous furnish to a curling process. 
When utilizing this technique,;. typically* at least about 5 
percent, sometimes about 10 or about 25 percent of the fiber 
is subjected to a curling process prior: to being supplied to 



the f oraminous support In other. embodiments at least about 

speaking, this apparatus compactively dewaters the furnish 35 50 percent of.me.fiber.inthe aqueous?rurmsh;is subjected to 

or web in a shoe/cylinder nip by providing a peak engage- a curling process prior to being* supplied: to the f oraminous 

ment /pressure (maximum pressure) of from about 500-2, support, whereas one may chooser to subject. 75 percent of 

0G0*k$/n^in some embodiments* or at least about 2,000 the fiber to a cintog:process : OT : abgu or more of 

k^ni^in other enibodiments. The line load may be less than the fiber to a curlmgrprbcess.pnorytb ^ forming. the web. While 

about 90 kN/m or up to about 240 kN/m in some cases. 40 any suitable method of.curling T the .fiber may be used, a 



"Line load" refers to total force applied to the nip divided by 
the width (which also may be referred to as length) of the 
press cylinder. The pressure profile applied to the furnish or 
web is asymmetric in that it declines from a peak pressure 
to a value of 20% of the peak value over a nip length which 
is no more than about half of the nip length over which it 
rose to the. peak pressure from 20% of the peak pressure. The 
line load is typically less than about 175 kN/m, with less 
than about 100 kN/m being preferred in many embodiments. 



particularly advantageous method includes concurrently 
heat treatmg and convolving.-^ tem- 
perature in a disk refiner, wit&saliirated steam at a pressure 
of from about 5 to about 150.psig. The fiber is optionally 
45 bleached. Preferred techniques involve carrying out this 
process in a disk refiner. as described. in more detail in U.S. 
Pat No.. 6,627,041 and U.S. patent application Sen No. 
09/793,863 respectively entitled '^Method of Bleaching and 
Providing Papermaking Rbelre. with Durable Curl and 



A peak engagement pressure in the press nip may be at least 50 Absorbent - Products . Incorporating Same" and "Method of 



55 



about. i5f)0ilpn or at least about 3,000 kN/m 2 in some 
applications. 

ChenucaJ _additiyes .may be included in the aqueous 
furnish in accordance with the present invention. The chemi- 
cal additive may include surtace^ modifiers, softeners, 
debonders, stre ngth aids, latexes, opacifiers, optical 
brighteners, dyes, -pigments^ sizing : agents, barrier 
chemicals, retention. aids,_Jnsolubilizers, organic or inor- 
ganic crosslinkers, and combinations thereof; said chemicals 
optioriallylrom^ PEG 60 

^pejyatni^s=a nd r t h e like. — 1 



Providing Papermaking fibers with Durable Curl and Absor- 
bent Products Incorporating Same". 

In some embodiments it may be desirable to utilize a 
controlled pressure shoe press as noted above and/or foam- 
form me furnish on the f oraminous support as hereinafter 
discussed in more detail. Generally, foamed furnish will 
contain" from about 150 to about 500 ppm by weight of a 
foam-forming surfactant and have a consistency of from 
about 0.1 to about 3 percent 
Another method of achieving a relatively high voidage for 



Typically, such chemicals include a canonic de bonding temperature differential between the cylinder side and the air 

-a ge nt. - A deborider- ad v an t a g eously^mcludes-ia-Bon^ionic. side- of die web. Typically the temperature differential 

surfactant, in ;Some; embodiments. . „ . . between the surfaces of the web is from about 5 degrees F. 

The process of the present invention is advantageously 65 to about 80 degrees F. A temperature differential of from 

practiced wherein me creped web is transferred over an open about 10 degrees F. to about 40 degrees F is more typical 

draw at a speed of -at least about 1500 feet per minute whereas a temperature differential of between about 15 
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degrees F. and about 30 degrees F. is preferred in many 
Gasesr-Is a-partiGuiarly-^refeffed embodiment-4he4enipera- 
ture differential between the cylinder side and the air side of 
the-web4s^m^0^greesrRr • - . 

in order to provide enhanc ed bu^ prpl^ct, it 

is-ogsir^te;^ 

impression fabric subsequent to the crcj^g of .the web but 
prior t o the throughdrymg^ereofln som the 
air" SideTof 'the :*web is-r^atively^oisuwith respect to the 
-cylisder>*ide*ef4h^ 



sible to produce a stratified product The product according 
to the present invention can be made with single or multiple 
head boxes and regardless of the number of head boxes may 
be stratified or unstratified Hie treated furnish is transported 
through d^erent-OT^ andf41, where they are deliv- 

ered- tpJ.the:t;l@^ ;box 20, 20' (indicating _an optionally 
compartmented head box) of a crescent forming machine 10. 

HG: 4 shows a web-forming end or wet end with a liquid 
permeable fbraminous support member 11 which rnay be of 
any convention al con^guYanon.-Foraminous support mem- 



^c yiir^r jside 

— which "is J&M 1 vely ^oryr ThVJjnyi^ 

acterized.m~4errj^of.me^ which wm in many 

casgrexintnt similar values in terms or tensile strength; void 
r Tohrme ^iid SiFfdrth as (he asn i ieped webi The re i s thu s 
. wjtriirjbtheiipjce^eit^ crepe, .thrpughdry.pro- 

o^^i^jnak^;ffirora sheet comprising the steps of: (a) 
fej^sii&g^^ onto a foraminous support; 

(b^pgpSivfc^^ furnish to form a web; (c) 

applying" saTd/de watered web to a heated rotating cylinder 
-aH^^d^H^said^webrto a-consistency- of greater man about 
30"percim^.and less than about 90 percent; and (d) creping 
saiQfweb from said heated cylinder at said consistency of 
greater than about 30 percent and less than about 90 percent; 
wherein L the furnish composition and processing of steps (a), 
CB)2an^c)'£as^ well as the creping geometry, temperature 
^fleto$the: web upon creping, moisture profile of the web 
upon creping and web adherence to die heated rotated 
cylinder : are controlled; and (e) throughdrying said web 
subsequent to creping said web from said heated cylinder to 
forrrrsaid'fibrous sheet, wherein the void volume of the sheet 
mgramVg is greater than about 9.2-0.048X wherein X is the 
GMT ofithe product (grams/3 H ) divided by the basis weight 
of 4he;;product Qbs/3000 ft 2 ). TypicaUy, the sheet exhibits a 
characteristic void volume in grams/g of greater than about 
9^^,048X_wherein X is the GMT of the. asrcreped product 
_(^a|ns^r)^myided by . the basis weight. of the as-creped 
pr^rt/Gbs/3000 ft 2 ) and usually the sheet exhibits a 
characteristic void volume in grams/g of greater than about 
9r75^0.048X wherein X is the GMT of the as-creped product 
(grams/3") divided by the basis weight of the as-creped 
product (lbs/3000 ft 2 ). The product sheet preferably includes 
alsc^e specific attributes recited above in connection with 
me^as-creped web. 

When practicing delamination creping it is most advan- 
tageous to crepe the web wherein the air side of the web is 
...at a temperature-of from arx>ut 16X). degrees F. to about 210 
degrees F. upon creping. Creping the web where the air side 
of thejyeb is at a temperature of from about 180 degrees F. 
to r - T about? : 200 degrees F. is more preferred while in a 
particularly preferred embodiment the web is creped when 
-t|^air_sigejs-al^ The 
underside, of the sheet upon creping is generally at a tem- 
perature of from~about~210 degrees F. to about 240 degrees 
F. typically; the temperature of the cylinder side of the sheet 
is from-about 22adegrees F.-to about 230 degrees F. Steam 
is generaHy -appHed to the rotating, cylinder at pressure of 
from about 30 to about 150 psig while a pressure of steam 
-s upplied to m elcy4iader4s-mor^^pically at l east about 100 



FIG. 4 illustrates an embodiment of me present invention 
wirere a uiachiue chest "50; — which "may be 
compartmentalized, is- used for preparing furnishes that are 
treated with chemicals having different functionality 
depending on the character of the various fibers used This 
embodiment shows two head boxes thereby making it pos- 



ber irmay Deconstructed of any of several known . materials 
mcluding ptiotopolym er -fabric; felt,' fabric, or a "synthetic 
filament woven mesh base with a very fine synthetic fiber 
b^.atmched to the mesh base. The foramihous support 
member-H-is -supported in a conventional manner on rolls, 
mdudmg breast roll 15 and couch or pressing roll, 16. 

~Forfi^g"fa^ric'12 is supported on rolls 18 and 19 which 
are positioned relative to the breast roll 15 for pressing the 
pr^lvtireJ&to converge on me'forannno 
ber" 11; The'forammbus support member 11 andthe wire 12 
move in mejsarne direction and at the same speed which is 
in the dire^on of rotation of the breast roll 15. The pressing 
wire 12 and the foraminous support member 11 converge at 
ah upper surface of the forming roll 15 to form, a wedge- 
shaped space or nip into which one or more jets of water or 
foamed hquid fiber dispersion (furnish) provided by single 
or muluple headboxes 20, 20' is pressed between the press- 
ing wire'12 and the ; foraminous support member U to force 
fluid through the wire 12 into a saveall 22 where it is 
collected to reuse in the process. 

The nascent web W formed in the process is carried by the 
foraminous support member 11 to the pressing roll 16 where 
the nascent web W is tra^erred. to the drum 26 of a Yankee 
dryer.,Fluid is pressed from the web W by pressing roll 16 
as the web is transferred to die drum 26 of a dryer where it 
is partially dried and creped by means of a creping blade 27. 
The creped, web » is then, transferred to an additional drying 
section 30 as shown in FIG. 12 to complete the drying of the 
web, prior to being collected on a take-up rofl 28. Hie drying 
section 30 includes a throughdryer as is well known in the 
art. 

A pit 44 is provided for collecting water squeezed from 
the furnish by the press roll 16 and a Uhle box 29. The water 
collected in pit 44 may be collected into a flow line 45 for 
separate processing to remove surfactant and fibers from the 
water and to permit recycling of the . water . back to the 
papermaking: machine JL0. 

According to. the present invention, an absorbent paper 
50 web can be made by dispersing fibers into aqueous slurry 
and depositing the aqueous slurry onto the forming wire of 
a papermaking machine. Any art-recognized forming 
scheme^ might -be .used For example, an extensive but 
ncm-exhaustive list includes a crescent former, a C-wrap 
twin wire former, an S- wrap twin wire former, 'a suction 
breast, roll, former, a Fourdrinier. former, or any .art- 
recognized forming configuration. The forming fabric can 
be any suitable foraminous member including single layer 
fabrics, double layer fabrics, triple layer fabrics, photopoly- 
m er- fabrics^, and the hke-jN on-exhaustive background art in 
the tormmg taof^area^ 
4,605,585; 4,161,195; 3,545,705; 3,549,742; 3,858,623; 
4;04i,989; 4,071,050; 4,112,982; 4,149*571; 4,182,381; 
4,184,519; 4314389; 4359,069; 4,376,455; 4379,735; 
65 4,453373; 4364,052; 4392395; 4,611,639; 4,640,741; 
4,709,732; .4,759391; 4,759,976; 4,942,077; 4,967,085; 
4,998368; 5,016,678; 5,054325; 5,066332; . 5,098319; 
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5,103,874; 5,114,777; 5,167,261; 5,199,261; 5,199,467; 
5^11,815; 5^19JM4;5^45,025;.5^77J61; 5,328465; and 
5,379,808 all of which are incorporated herein by reference 
in-their entirety. One forming fabric particularly useful with 
the present invention is Voith Fabrics Fonning Fabric 2164 
ncs--Coiporation; Shreveport, La. ■ - • 
F6am-fOTrmng~dftIie *a^(^'s furnish on a forming wire 
or fabric -m ay be employed as a means for controlling the 
permeability or void volume of toe sheet upon wet-creping. 



— ^ fo f-'4ff4 3 ;15 fr ■a^^ 
disclosqjes^Qf-wMch-are mcbrpo ratcd-hereia by- reference. - 
TReT6ame^'fibCT"rmTul'rT is^maHe uryr rtTirrana^ ^ 
of fibers rnixed with a foamed, liquid carrier just prior to its 
introduction t oihe-he adb o x. TTi e-putp- sl ur r y suppr red-to-the 



invehtion. It is to be understood that there are a number of 
other surfactant materials available which are capable of 
modifying the interfacial tension between water and gas or 
air to form a semi-stable foam. Further details on foam- 
forming may-be-found^in U.S. PatNos. 5,200,035; 5,164, 
045;. 4^764,553; -Ae-disclosures of which are incorporated 
herein by reference. 

Pape rmaking fibers used to form the absorbent products 
of the present invention include cellulosic fibers and espe- 
cially wnoHpnlp .fibers liberated in. the pulping process from 



is 
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system- has^a-consisten cy urthe ra ags-of rxxm^abou^CS-to. 
about 7 w eight percent fibers, preferabl y in the range of from 
a^ouT£5~to about 4.5 weight percent, * Tne pulp slurry is 
added to; a foamed Hquid comrjrising water, air and surfac- 
tant containiBg^5p % 80rpercent r air by volume forming a 
foamed fiber furnish having a consistency in the range of 
fromjabout 0.1_,to_about 3.. weight percent fiber by simple 
mixing from natural turbulence and mixing inherent in the 
process elements. The addition of the puip as a low consis- 
tency slurry results in excess foamed liquid recovered from 
the forming wires. The excess foamed liquid is discharged 
from the system and. may ;be used elsewhere or- treated for 
recovery :of surfactant therefrom. Thus, a method ofimaking 
a fibrous web or tissue from a foamed fiber furnish includes 
depositing an aqueous dispersion of : fibers onto a moving 30 
foraminous support characterized in that a foamed aqueous 
dispersion is obtained by combining an unfoameoV aqueous . 
slurry of fibers containing 0.5 to 7 percent, fiber .with a 
foamed liquid comprising water, air and a surface active 
agent to form aJoamed fiber, ftimish. containing. from;50-to 
80 percent air by volume and from 0.5 to 3 wrighurjercent 

fiber,, based on the dry weight of the fibers. . JiL-U'— 

^. The foamed liquid or aqueous-dispersion is >pnxmced-by 
mixing water with sufficient surfactant in a suitable vessel or 
cavity to produce the foamed liquid. A suitable anionic 40 
surfactant such as alpha olefin . sulfonate, available from 
Goldschmidt A. G. (Germany), may be used to produce a 
satisfactory aqueous foam. The surfactant is generally 
present in the range of from about 100 ppm to about 350 
ppm. by weight in some embodiments. A number of surfac- 
tants suitable as a water additive for purposes of the present 
invention are available on the market, being generally clas- 
sified as l ^onipmc,_ anionic, ca nonic or amphoteric. The 
surfactant concentration required usually will be in the range 
of 150 to about 1000 ppm by weight and typically in the 50 
range of from about 150 to about 500 ppm by weight 
Generally, the bubble size of the foam is in the range of from 
about 20 to about 200 microns as will be appreciated by_ one 
orig in the art 



jsperms.or coniferous trees) and hardwoods 
( angiosperW^or^ Cellulosic fibers from 

dS vers e material origins may be used to form the web ofcbe^ 
present invention. l ;These fibers include non- woody fibers 
lir%fatai "from sug ar cane, bagasse, sabai grass, rice straw, 
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Selection of a class of" iurtactanT'is ^dependent upon 
chemical characteristics of such other additives as may be 
commonly used in the manufacture of fibrous, webs. These 
other additives may . include, singly or in homogeneous 
mixtures thereof, latexes, binders, debonding agents, dyes, 
. corjmsion Inhilnang-Jagents, pH controls^jretention aids, 

strength as well as other substances commonly used in 

papmnaking processes. - - — ..-^±-1^. — ■ 

-U.S. Pat Nos. 3,716i449 and 3,871,952 disclose specific 
nonionic, anionic, and cationic surfactants, including some 65 
classified as amphoteric surfactants, which are suitable for 
practice of foam^onning in connection with the present 



barmna4eavesfpaper mulberry (i.e., bast fiber), abaca leaves, 
pmeajjple.ieayes,; esparto grass leaves, and fibers from the 
genus hesperaloe in the family Agavaceae. Also recycled 
fibers which- rnay r conttrinj&f the above fiber sources in 
"aWerrar^ercentages.ica^ be used in the present invention. 
Suitable fibers are disclosed in U.S. Pat Nos., 5,320,710 and 
3,620,91 l,;both.of which are mcorporated herein by refer- 
ence. ;.r:V . ' 

Papermaking fibers can be liberated from their source 
material by any one of the number of chemical pulping 
processes familiar to one experienced in the art including 
sulfate;; sulfite, polysulfide; soda pulping, etc. The pulp can 
be bieached.if desired by chemical means including the use 
of chlorine, chlorine dioxide, oxygen, etc. Furthermore, 
papermaking fibers can be liberated from source material by 
any one of a number of mechanical/chemical pulping pro- 
cesses familiar to anyone experienced in the art including 
mechanical pulping, thermo mechanical pulping, and 
chemithermomechanical pulping. These mechanical pulps 
can*>be bleached, if necessary, by a number of familiar 
bleaching schemes including alkaline peroxide and ozone 
.bleaching. _ ■ • . . 

xFibersrfor.use according to the present invention are also 
procured by recycling of pre-and post-consumer paper prod- 
ucts. Fiber may be obtained, for example, from the recycling 
of printers' trims and cuttings, including book and clay 
coated paper, post consumer paper including office and 
curbside paper recycling including old newspaper. The vari- 
ous collected paper, can be recycled using means common to 
the recycled paper industry. The papers may be sorted and 
graded prior to pulping in conventional low, mid, and 
high-consistency pulpers. In the pulpers .the papers are 
rnixed .wim^water^andagitated to break the .fibers free from 
the sheet Chemicals may be added in this process to 
improve the dispersion of the fibers in the slurry and to 
improve the reduction of contaminants that may be present 
Following pulping, the slurry is usually passed through 
various. sizes and types of screens and cleaners to remove the 
larger solid crataminants while retaining the fibers. It is 
during this process that such waste contaminants as paper 
clips and plastic residuals are removed. The pulp is then 
generally washed to remove smaller sized contaminants 
consisting primarily of inks, dyes, fines and ash. This 
process is generally referred to as deinking. Deinking can be 
accomplished by several different processes including wash 
ior^di^nkingi erizyrnalicldsis^sg --arid. sc 
forth. One example of a sometimes preferred deinking 
process- by -which ^recycled fiber for use in the present 
invention can be obtained is called floatation. In this process 
small air bubbles are introduced into a column of the furnish. 
As the bubbles rise they tend to attract small particles of dye 
and ash. Once upon the surface of the column of stock they 
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are skimmed off. At this point the pulp may be relatively 
clean but is often low in brightness. Paper made, from this 
stock can have a dingy, gray appearance, not suitable for 
near-premium-product forms — r 

•Since the cost' o f w aste paper- delivered to the pulp 
-proefss^^ 

the fibers in the paper, it is advantageous to" be able to 
upgrade ^elativelv-low-cost -waste papers mte-relativ ely-4ugh 
value^urp: How^v^tne^prjoees.sio^o this can be expensive 



general recycled paper containing high amounts of ash is 
priced substantially lower than recycled papers with low or 
insignificant ash contents. Thus, there will be a significant 
advantage to a process for making a premium or near- 
premium productrrrom recycled paper .containing excessive 
amduBts-of ash. 

Furnishes containing excessive ash also typically contain 
significant amounts of fines. Ash and #nes-are ; most often 
associated with secondary, iwyded/fiberSi;postTConsumer 



nnt nnl y in tprirns nf marhinpry and rhp . rni cal c osts -bui a)so 1Q paper and concerting broke from printing plants and the like. 
irflnst/^ Secondary,- jrecycled fibers with excessive amounts of ash 

--tfae^wa st e^pap^^ and^gmficant fines are available on tfw market and are quite 



produaeb^:^ generally cheap because It is generally accepted- that only very thin, 

contaiamorej^tarninante^ rough^ economy Jtpwel and tissue ! products can be made 

"anp^nJleis^nei^ay'^ssoda and writing 15 unless the furnish is processed to remove lie ash. The 

--papers, "r emoval of these-eentarninants can^ve-a <iramatic - * pne^t 4nvenfo^ it possible to ;achieye a paper 

.effecuonithe^overa ll. yield,, of, pulp, pbjtainable.^ Low yields product, with high void volume and premium or near- 

also translate into increased amounts of material that must premium qualities from secondary fibers having significant 

beidispos^of;m or by other means. amounts.of ash.and,fines,witIiDU^ the 

j^Irr|^iaprir< ^ t he ^ash leve ls are reduced, fines; and^smafl 20 fiber- to. remove .-fines .andi ash. -While the present invention 

fnbersllare^bst;.since there is currently no ash-specific contempfaWmTu^^ 

-remwa^prpcess in-iuse which removes only. ash . without virgin fibers, fiber in the products according to the present 

taking sinall fi hm and fines. For example, if a pulp of 70 invention may have greater than 0:75% ash,' and sometimes 

percent yield.can be used rather than a "cleaner"50 percent more than 1% ash. The fiber, may have greater than 2% ash 

yield -the savings in pulp cost due to more fiber and less 25 311(1 may even have as high as 30% ash or more. 



waste c remoyal is significant 

;i:GeneSUy ^premium grade products are not made using a 
rnajbfearribu^^ recycle fibers,i?let- alone, being 

marie predominately or entirely from secondary recycle 
fibers.' Recycled fibers suffer from problems with low bright- 
ness requiring the addition of virgin fibers; and slow furnish 
de^wa^ermg "resulting in poor drainage on the forming wire 
^ necessitating slower machine speeds. Base sheets made 
by 5 conventional means with a high percentage or 100 



As used herein, fines constitute material within the furnish 
that -wiD^ pass mro Ash and ash 

content is . defined as above and can be determined using 
TAPPI Standard Method T211 OM93. . 
30 The suspension of fibers or furnish may contain chemical 
additives to alter the physical properties of the paper pro- 
duced. These chemistries are well understood by the skilled 
artisan and- may be used in any known combination. Such 
additives may be surface modifiers, softeners, debonders, 



percent recycled^bers are very* dense and not amenable to 35 strength aids, latexes, opacifiers^ optical brighteners, dyes, 

throughdrying in many cases. Moreover, their strength does pigments, sizing agents, barrier chemicals, retention aids, 

not -break-down as much during creping in a conventional insolubilizers, organic or inorganic crosslinkers, or combi- 

process?due^/thek to nations thereof; said chemicals optionally comprising 

blade. This results in harsh, high strength, creped paper. In polyois, starches, PPG esters, PEG esters, phospholipids, 

conventional processes it has been understood that to 40 surfactants, polyamines, HMCP or the like. 



The pulp can be mixed with strength adjusting agents 
such as wet strength agents, dry strength agents and 
debonders/softeners. Suitable wet strength agents are known 
to the. skilled artisan. A comprehensive but non-exhaustive 
list of useful strength aids include urea-formaldehyde resins, 
melamine formaldehyde resins, glyoxylated polyacrylamide 
resins, polyarrnde-epichlorohydrin resins-and the like. Ther- 
mosetting^olyacrylamides are produced by reacting acry- 
lamide ' with diallyl dimethyl ammonium chloride 



include. recycle fibers, it is necessary to preprocess the fibers 
to render them substantially free from ash. This inevitably 
increases cost Failing to remove the ash is believed to create 
pfenraurmountable problems with drainage or formation. 
. If sufficient water is added to the stock to achieve good 45 
formation, the forming wires often flood. If the water is 
reduceojto. prevent this flooding problem, mere are often 
— severe-problems. jiiJorxning -a., substantially homogeneous 
web. 

The preferred furnishes according to the present invention 50 (DADMAC) to produce a cationic polyacrylamide copoly- 

may contain significant amounts of secondary fibers that mer which is ultimately reacted with glyoxal to produce a 

possess- significant amounts of ash and fines. It is common cationic cross-linking wet strength. resin, glyoxylated poly- 

.rirMhe T mdustr^--to-iear -the-term -asn^associated. with, -virgin acrylamide. These materials are generally described in U. S. 

fibers. This is defined as the amo unt of ash mat would be Pat. Nos. 3,556,932 to Coscia et al. and U.S. Pat No. 

created .if the fibers were burned tymcally no more than 55 3,556,933 to Williams et al., both of which are incorporated 

. _abojjiXLl&J»^ahDuiJQ.2% ash is found. in virgin jfibexs. Ash herein by reference in their entirety. Resins of this type are 

as~used-in-the present invention -includes this "ash" associ- commercially available under the trade name of PAREZ 63 1 

ated wim»virgin fibers as well as contaminants resulting from IgJGPby Bayer Corporation. Different mole ratios of 

prior ^usejDf the^^^ in connection with acrylamide/DADMAC/glyoxal can be_used to produce 

— tae^esent4gventie n may in eluaVexces s-of^amo unts of ash 60 cross-hntog resins, w hich are .useful as wet strength agents. 

greater tflaa-a oout I'fo or m efew^sn originates wnen liners IFurtherm^orc^^ for giy- 

or coadings are ^needed- to paper during formation of a filled oxal to produce thermosetting wet strength characteristics. 

- o r coated 'papei VpTOu t L Ash will ty p i c ally be ^ rnrxture Of particular utility are the Tjolyarmde-emchlorohydrin 

contaimng^ titanium moxid^,- kaolin-clay, calcium carbonate resins, an example of which is sold under the trade names 

and/or silica, This excess ash or particulate matter is what 65 Kymene 557LX and Kymene 557H by Hercules Incorpo 

has traditionally interfered with processes using recycle rated of Wilmington, Del. and Amres® from Georgia-Pacific 

fibersrthus making the use of recycled fibers uriattractive. In Resins, Inc. These resins and the process -for making the 
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resins are described in U.S. Pat No. 3,700,623 and U.S. Pat. 
Ife^3J72,076,each.pf which is incorporated herein by 
reference in its entirety. An extensive description of 
poLymericTepihaJ ohy drin resins is given in Chapter 2: 

-te^e&StrengthzI^ (L. Chan, 

Editor,- 1994);* hereirr- incorporated by reference in its 
entirety. A reasonably comprehensive list of wet strength 
resins-is described by WesTTelrin Cellulose~Chemistrj~arid 

^SSlSM y dlun ^7 3, .P-' g l 3 ' 1979> whicfa is mc °rporaied 
-.h^^l^^Bijence^ ^ ' ~~~~~~~ 

. :SuitaBre 



^^apparenjt to 

one skilled- in die aT C A c o in^ 

indes starch, guar gum, 
: c^^ymghyj ^lylpse^and .the like. Of 
. is carboxymethyl c eikrios€,-aB-exampIe of 
Which is solcTunder the trade namyT^ercules CMC by 
Hercules -Incorporated- of JWlrningtorv j Del. 

Suitable debonders .are likewise known to the skilled 
artisan. Debonders or softeners may also be incorporated 
into 'the "pulp ^^spr^e^'^^ri&^web after its formaSbn. 20 
The present invention may also be used with softener 
materials-mcluding-but-not limited to the class of amido 
amine salts , derived from partially acid neutralized amines. 
Such materials are disclosed in U.S. PaL No. 4,720,383. 
Evans, Chemistry and Industry, Jul. 5, 1969, pp. 893-903; 25 
Egan, J Am Oil. Chemist's Soc, Vol. 55 (1978), pp. 
118-121; and Trivedi et al , VjW Oil Chemist's Soc., June 
1981, :ppi 754M756, ? ;mcorporated by reference in their 
entirety, indicate that softeners are often available commer- 
cially only as complex mixtures rather than as single com- 
pounds. While the following discussion will focus on the 
predominant species, jt should be understood that commer- 
cially available mixtures would generally be used in prac- 
tice. 

Quasoft 202-JR is a suitable softener material, which may 
be derived by alkylating a condensation product of oleic acid 
and dUemylenetriamine. Synthesis conditions using a defi- 
ciency of alkylaaon a^nt"(£g.,-atettiyl sulfate) and only one 
alkylating step, followed by pH adjustment to protonate i the 
non-ethylated species, result in a mixture consisting of 
cationic ethylated and cationic non-ethylated species. A 
minor proportion (e.g., about 10%) of the resulting amido 
amine cyclize to imidazoline compounds. Since only the 
imidazoline portions of these materials are quaternary 
ammonium compounds, the compositions as a whole are 
pH-sensitive. Therefore, in the practice of the present inven- 
tion with this class of chemicals, the pH in the head box 
should be apr^ximately .6 to 8, more preferably 6 to 7 and 
most r^fera¥ly6.5 to 7. ' 

Quaternary ammonium compounds, such as dialkyl dim- 
ethyl quaternary ammonium salts are. also suitable particu- 
larly when the alkyl groups contain from about 10 to 24 
carbon atoms. These compounds have the advantage of 
being relatively insensitive to pH. 
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The quaternary ammonium component may .include a 
quaternary ammonium species selected from the group 
consisting of: an alkyl(enyl)amidoethyl-alkyl(enyl)- 
imidazolinium, dialkyldimethylammoniurn, or bis- 

:j .i i .u. .n i i ' . • ' , . 

oiAjFittiuiuucm) i-iii&Lii jriujruiuAjf-cuijri-aiUiUUUlUin sa.lL, 

wherein the alkyl groups are saturated, unsaturated, or 
mixtures thereof, and the hydrocarbon chains have lengths 
of from ten to twenty-two carbon atoms. The debonding 
composition may include a synergistic combination of: (a) a 
quaternary ammonium surfactant component comprising a 
surtactotl:bmrwuhd selected from the group consisting of 
"a^ia^metiyl-ammonium salts of the formula: 



R 



30 
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H 3 C— *N — R 
I 

CH 3 

a bis-m'alkylamidoammonium salt of the formula: 

CH 2 — CH2OH 
RCONHCH 2 CH 2 — *N — CH 2 CK 2 NKCOR 
CH 3 

a dialkylmeraylimidazolimum salt of the formula; 

CH 2 — CH 2 NHCOR 



RCH 2 — ^ + j 



CH 3 
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wherein each R may be the same or different and each R 
indicates a hydrocarbon chain having a chain length of from 
about ten to about twenty-four carbon atoms and may be 
saturated or unsaturated; and wherein said compounds are 
associated with a suitable anion; and (b) a nonionic surfac- 
tant component Preferably, the ammonium salt is a dialkyl- 
inaidazolinium compound and the suitable anion is methyl- 
sulfate. The nonionic surfactant component typically 
45 includes the reaction product of a fatty acid or fatty alcohol 
with ethylene oxide such as a polyethylene glycol diester of 
a fatty acid (PEG diols or PEG diesters); polypropylene 
glycol (PPG) esters, diols and other suitable compounds 
may be employed. 

In accordance with the invention, the fibrous web is 
deposited on a de watering felt and water is mechanically 
removed from the web. Any art suitable fabrics or felts could 
be used with the present invention. For example, an addi- 
tional list of impression fabrics includes plain weave fabrics 
Biodegradable softeners cafflarTjtiiized: Representative 55 described in U.S. Pat No. 3,301,746; semi-twill fabrics 



50 



biodegradable cationic softeners/de bonders are disclosed in 
U.S. PaL Nos, 5,312^22; 5,415,737; 5,262,007; 5,264,082; 
and 5,223,096, all of which are incorporated herein by 
reference in their entirety. The compounds are biodegradable 
dj^Jtgrs^otlpuateniary a mmoni a compounds, quaternized 



described in U.S. PaL Nos. 3,974,025 and 3,905,863; 
bilaterally-staggered-wicker-basket cavity type fabrics 
described in U.S. Pat. Nos. 4,239,065 and 4,191,609; 
sculptured/load bearing layer type fabrics described in U.S. 
60 Pat. No. 5,429,686; photopolymer fabrics described in U.S. 
^Pab- NOS . 4,5 39?*Sft: 4,63X859: 4.514.345: 4.528339: 
5,364,504; 5,334,289; 5,275,799; and 5,260,171; and fabrics 
containing diagonal pockets described in U.S. PaL No. 
5,456,293. As will become apparent from the discussion 



functional with quaternary ammonium chloride and diester 
d i erucylrii methyl a mmfminm xhloride^ndare representative 
biodegradable softeners..:; . 

In some embodiments, a particularly preferred debonder 65 which follows, a papermaking felt can be used with the 

composition includes a quaternary amine component as well present invention. For example, felts can have double-layer 

as a nonionic -surfactanL-- ,. base weaves, triple-layer base weaves, or laminated base 
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weaves. Preferred felts are those having the laminated base 
weave- design. A wet-press-felt which may be -particularly 
useful with the present invention is AMFlex 3 made by Voith 
Fabricr-Bacicgroun^ area includes U.S. 

Pat Nosy 5j6 57,797r 5368?696f 4,973;512; 5,023,132; 5 

ential pressing felt as is disclosed in U.S. PaL No. 4433,437 

"Xs^usea^h^ dewatering the 

IH'essia^onTa'Q^waterm^feitiLtOT- exampfe^nysome embodi- 

-4wer^e~we&su^ace.as in a rnri between a press roll and a 
press shoe whereir^the web is-in contact with a papermaking 
felt Tn other typ^^ 15 
"the weo or furnish is carried o~Ut~m~a~trarisferm^^ 
impressioirabmer^ the web is transferred to 

a Yankee dryer; for example, such that me furnish is con- 
currently^ compactivdy de watered and applied to a heated 

~rotatin^::cylmder~^ may • r be" hTgfieT"ln 20 



rolls and belts. The machine configuration used to transfer 
the web to the Yankee can be any method that allows one to 
adhere the web to the dryer and create a profile that causes 
delamination upon creping. While the specification gener- 
ally rnakes r reterence to the dryer from which the web is 
creped-as4 Yankee dryer, it should be understood that any 
dryer from which the web is creped can be used One 
example of an alternative configuration would incl ude-the 
use of an impulse dryer including a "widenshoe r^sTa^ainst 
-a-heated-back roll. 
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selected areas of the web when an impression fabric is used. 
-The^terinni^^ dewatering" is used to 

disffij^sh'^ the initial dewatering of the 

we^is n carried but by thermal means as is the case, for 
example, in U.S. Pat. No. 4,529,480 to Trokhan and U.S. 25 
Ftt^6^5)&pj551 to Fanington et al. noted above. It is 
. notg^ti^Weblfwhich are initially compactively dewatered, 
that ;is^ mechanically compressed in accordance with the 
present' invention are initially typically more dense than 
webs which are initially dewatered by thermal means as in 30 
the .'480 and '551 patents. 

^P^rSethpd of providing that the web applied to and 
crepcSi off of the Yankee dryer has sufficient permeability or 
jx)r6sity-tb*be suitable for throughdrying is to provide in the 
furnish atlhe fanning end of the process at least a modicum 
of curled ; fiber. This may be accomplished by adding com- 
-mereially^avaOablerhigh bulk additive .("HBA") . available 
. froioiWeyerhausCT. G sec- 
ondary^ fibers may be provided^with additional curl as 
described- in one or more of the following patents, the 40 
diselosureof which is hereby incorporated by reference into 
this^ patent, as -if set forth in their entirety: U.S. PaL No. 
2i516;384\td Hill et al.; U.S. Pat No. 3,382,140 to Hend- 
. ersohiei ah; U.S.. PaL No. 4,036,679 to Bach et al.; U.S. PaL 
No^431;479 to Barbe et al:; U.S. PaL No. 5384,012 to 
Hazard; U.S. PaL No. 5,348,620 to Hermans et al.; U.S. PaL 
^OT?5^0t7768 to Hermans et al.; or U.S. PaL No. 5,858,021 
- to'Sun e t'aL Th e curl ed^beT-is-addedin^uitable amounts as 
noted herein^dr^one may utilize 100% curled fiber if so 
desired provided the costs are not prohibitive. 
r^lnrtMs/respecV-a particularly cost effective procedure is 
simply, to, concurrently heat treat and convolve the fiber in a 
.p r es suri zed , d i sk--refiner ~at- relatively ....high. . consistency 
(20^60%) with saturated steam at a pressure of from about 
S-.to^rsO^psig^'Prcferably, the refiner is operated at low 
energy inputs, less than about 2 . hpHday/tpn, and at short 
residence-times of me fiber in the relmejgSmtable residence 
times may- be less than about 20 seconds and typically less 
thanjatout 10 seconds. This procedure produces fiber with 
-4gm arkaM£^ U.S. 
patent app SeaS ~ 
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"Any suitable adhesive might be used on the Yankee dryer, 
ol ^conventional adhesives include polyvinyl alco- 
hol with suitable plasticizers, glyoxylatedi»lyacrylamide 
with or without polyvinyl alcohol, and polyamide epichlo- 
roiyiir^.resms such as Quacoat A-252 (QA252), . Betz 
CrepePlus 97-(Betz+97) and Calgon 675 B. Suitable adhe- 
sives are widely described in the patent literature. A com- 
prehensive but non-exhaustive list includes U.S; PaL Nos. 
5,246,544; 4,304,625; 4,064,2 i 3; . 3,926,7 i 6; 4,501,640; 
4428316; 4,78S;243; 4,883464; 4,684,439;' 5,326,434; 
4,886479; : 5,374,334; 4,440,898; 5,3821323; .4,094,718; 
5,025,046; and 5,281,307, incorporated herein by reference. 
Other, suitable adhesives may also be used. Typical release 
agents can be used in accordance with the present invention. 

The adhesive is preferably added in an amount of greater 
than about 0.1 lbs/ton, more preferably greater than about 
0.25 lbs/ton,^and most preferably between about 0.5 and 
about 1.04ti^on. In some embodiments up to about 10 
lbs/ton may be employed. The nascent web adhered to the 
dryer preferably has a solids content of from about 30 to 
about 90, more preferably from about 45 to about 75 and still 
more preferably from about 55 to about 65. 

Delamination Creping 

In one preferred embodiment, the temperature of the dryer 
from which the web is to be creped. can be controlled to 
provide a moisture profile within the web that causes 
delamination of the web during creping.. The Yankee dryer 
temperature and the Yankee hood temperature are controlled 
to provide a moisture profile in the web which causes 
delamination of the. fibers during creping. This delamination 
is achieved through the use of increased heating to the 
Yankee dryer and decreased heating from the Yankee hood. 
Conventionally, more heat is applied from the Yankee hood 
than from the Yankee dryer. Conventional operation causes 
drying of the web on both sides, resulting in acceptable dry 
creping. When the heating from the Yarikee'i^increased and 
t he heating from the hood is decreased, the primary heat 
source contacting the web is the Yankee dryer. This causes 
the Yankee side of the web to be at a higher temperature than 
the air side of the web. This also causes the Yankee side of 
the web to be dryer than the air side of the web. It is believed 
that through the control of this moisture : rjionle7trS^elami - 
nation of the web occurs. 

The Yankee dryer is preferably at a pressure of from about 
30 to about 150 psig steam pressure, more preferably at 
pressure of from about 90 psig to about. 150 psig, and still 
more preferably at a pressure of from about 1 10 to about 150 
psig. During wet creping the Yankee dryer side of the sheet 
immediately after . creping is preferably at a temperature of 



entitled 1 'Method of Providing Papermaking Fibers with 
Durablc^Curl "a nd-Absorbent— Sheet-mcorporatrng-Same-" 
(noted above). ~ • 

The web is typically adhered to the Yankee dryer by nip 
transfer pressing. The transfer may be accomplished by any 
art-recognized method including, but not limited to, press 
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temperature from about 195 to about 225° F. and most 
preferably at a temperature of from about 205 to about 220° 
F. (as measured by IR using an emissivity setting of about 
0.9). 

The side of the sheet away from the Yankee, dryer (the 
airside), when measured under similar circumstance, exhib- 
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its a temperature of about 210° F. or less, more preferably 
—about -200° F. or less, still more preferably less than about 
190° F. Delamination is best affei|te|^when the temperature 
sidedness-of the sheet measured just after creping is at least 
about 5fR, more preferably at least about 10° F, still more 
^f^bl^at^east-about 20° F. This differential is best 
controlled by maintainin g an outside sidefsheet temperature 
(while on the roll but before creping) of about 220 degrees 
or less. In main tainin g the temperatures in this manner one 



These dry crepe -protoc ols inclu de Butraremg| 
creping an^es^airiTiesivejac^^^ 



sheet temperature (of the Yankee a^er:sfe)~btafec] 
sheet threading, . and . crepe- ratiovf; 




■ . . ... y/vi-*: , ^^.^i^r^^C^?. 



r fringe 



relative to me cr^ping^c^iinder): m-shoti^thtecrep|ffg|^^^^^^^ 
is believed to behave-quite similarly- to! a di^crepe^r^ll^^ ^ 
so operators can use their existing understandmgTp©UKSj§r'r^ 
creping variables to adjust and control -t his ,p^^ssc3jHL^l -^ ■ 
operator needs to carefully monitor and confioTJSe iwrfismreg"' 
ean^je^ssured^hat-ihere is a moisture differential -s^ io content and temperature differential across ^^s^t aLtSe 
i n AH e - she lt ToTroduce the delamination effect This is creping blade. These temperature differentials to indicative 
believedtQ be based upon the roll side of the sheet being dry of the moisture differential across the sheet and therefore the 
just ''prior to creping. The dryness of a single side can be propensity of the sheet to delaminate at creping. It could be 
determined by the temperature exhibited by the side of the particularly desirable to be able to change the creping pocket 
weTTm~cont2ct with the Yankee dryer. Because of the very 15 angle on the fly so as to have a direct means of controlling 
high-heat flux possible using an impulse dryer, the extent to the downstream permeability of the sheet In this manner, 
which the web needs to be wrapped around the heated roll the subsequent drying of the sheet could be optimized for 
can be minimized to better control this temperature differ- maximum production rates. For example, reduced air per- 
ential -In order to use an impulse dryer in the process meability will reduce through-air drying "TAD drying rates 
according to the present invention, it is preferable that a shoe 20 significantly. The operator could then close the creping 



press is used to create sufficient adhesion between the web 
and -the dryer tojrwulting in delamination upon creping. 

The variables that affect delamination include Yankee 
hood temperature, Yankee dryer temperature, creping adhe- 
sive composition, blade angle, moisture content of the web 
at the tirne of creping, chemistry, stratification, fiber 
composition, basis weight, rate of heat transfer and time of 
drying. 

Not wishing to be bound b ^ ^^ S ^^ J* 30 it is sometimes referred to. FIG. 5 is a plot of void volume 
Yankee side of the web is sufficiently dry so as to act in the ™ ±Q GMT ^ divided by basis weight in 



pocket (reduce the creping angle) to regain this lost perme- 
ability. In this manner he would be able to maintain both 
productivity and sheet quality throughout the life of the 
creping blade. Or the operator could make grade changes 
without the need to break the sheet down at this critical 
creping step. 

FIG. 5 shows the response of the internal void volume of 
the web, as measured by the Porofil® void volume test 
described above, to creping blade angle, or creping pocket as 
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same manner as a completely dry web would during the 
creping operation. Since the other side of the web is sig- 
nificantly wetter, as the web is creped, a shear plane exists 
within the web resulting in delamination of the wetter part 
of the web from the dryer part of the web. Best results may 
be obtained when the outer surface of the web is at a 
temperature minimum as die drying cylinder rotates. Mea- 
surements indicate that the temperature of the outer surface 
of the web initially rises upon contact with the drying 
cylinder, then falls through a minimum before rising again, 
litis phenomenon may be due to vapor action within the wet 
web. 

Creping, by breaking a significant number of inter-fiber 
bonds, adds to and increases the perceived softness of 
resulting tissue or towel product. 

r The creping (pocket) angle is preferably between about 60 
and about 95 de g rees, more preferably between about 65 and 

arx>ut90degrees,andmost^ . embossingt ^^g, etc 

about 85 degrees. Decreasing the blade bevel from about 15 50 ^ _ K J n L iMprf t« f, 
degrees shows an increase in the breakup and delamination 
of the web which is reflected as an increase in void volume 
and clearer separation of the two delaminated layers. Unless 
handled correctly, the 0 degree bevel blade gmsjc£actual 
disruptions of the top~5 ide"layerT>f~the sheet Care must be 55 
taken to adjust the sheet take away angle from the creping 
pocket to insure that the line of the sheet draw be at or above 
the line of the creping blade surface. In this manner the sheet 
can be pulled out of the creping pocket before the nearly (or 
completely) ddazninated sheet is damaged to the extent that $q 
•foMissue u i -t owel pr odu c ts. j =ss=- 



lbs/3000 ft 2 . In FIG. 5, the delamination process of the 
present invention is indicated by the diamonds at the upper 
left portion of the graph; whereas, other products of the 
35 invention are at the lower right FIG. 6 shows a similar 
response in the air permeability of the web for 50/50 
hardwood/softwood sheet In FIG. 6, delamination creped 
products of the invention are compared with a dry-creped 
control, an impressed handsheet, as well as uncreped TAD 
40 products. As can be seen from FIG. 6, the air permeability 
of the web according to the present invention is significantly 
above that which one of ordinary skill would expect for a 
" similar dry-creped product, which today is commonly used 
to predict the through-air dryability of the web. 

The final product may be calendered or uncalendered and 
is usually reeled to await further converting processes. The 
products according to the present invention may be sub- 
jected to any art-recognized converting operations, includ- 
g embossing, printing, etc. 

The web can be used to form single or multi-ply product 
benefiting from high internal volume or interruption of the 
pore structure in the interior of the sheet, mcluding, for 
example, bathroom tissue, facial tissue, napkins^paper tow- 

The following additional examples are illustrative of, but 
are not to be construed as limiting, the invention embodied 
herein. 

EXAMPLES 




A web was produced from a slurry of furnish mixture of 
50% bleached southern hardwood draft (BHWK) and 50% 



Not wishing to be bound by theory, it is believed the 
process -according to the present invention behaves in most 

respects exactly as a dry creping process. Thus, it is believed _ fttn)C . 1/v , _ , . . . 

that the mocess accord 65 bleached southern softwood ^gafiP(BSWK). The rurmsfi 
be modified to improve runnability in a manner consistent contained chemicals to assist with creping and felt/wire 
with standard dry crepe protocols. cleaning. The furnish was not refined. A nascent web was 
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deposited on a pressing felt and pressed to a solids content 
of- 44%, simultaneously with being adhered to a Yankee 
dryer. The web was creped from the Yankee dryer at a water 
content of less man~OT~(ffiaT^79^^ as the term 

isai^;,,^ angle-(Le„ 
aepmgran^e^and'about;0:51bsto 
about 0.5 lbs/ton of release agent 
FIG. Hz is ..a -.pKolojraphic . representation of the cross 



In the process according to the present invention, the 
amount of wear observed on the creping blade was signifi- 
cantly reduced below that which one would expect from a 
wet crepe process. By way of illustrative example, crepe 
blades u^STin wet creping* processes would often be worn 
out m"as*littl'e as 30 minutes, while the creping blade in the 
process according to the present invention still showed 
almost no wear after 2 hours. 
Preferred products according to the present invention 



machiir^jire^bn"df a 291b~web~tfian has been dry creped 
'Tl.TrrZ 2romrt^ 10 have me"attrjbufes shown in Table 5: 

JgE^SES^^ 

: w^o^feflffl -^fce^severe^cre^g-action obtained by-lhe 

low 'moisture cre^rl|r " 



rj»gflafde j 4 1 



15 



20 



25 



.,>.A.^web^was^.produce d>. as described .in comparative 
Example Pwith the same fibers and furnish, except that the 
hood^were^cboled Sown to reduce the dryness of the sheet 
agtlg^ was deposited on a 

presang felt and pressed to a solids content of 44%, simul- 
tanepusly^Mth^being. adhered to a. Yankee dryer. Hie web 
w^CT^d fioin tide Yimkee dryer at a solids content of 55% 
anjd-aj;^l^^evei of 10°. The web was subsequently pulled 
outVusing. a. pair of calender wjTj^rolls very lightly nipped 
with ^resulting crepe of 15% left in the sheet Percent crepe 
^v^rj^c^ated as: , V 

2f!S' . '-f^^spcedi-C^eada speedHYankee speedxl00% 

c The sheet was then collected and dried to a solids content 30 
of about- 95% while held in restraint by sheet restraining/ 
d^m^facks. at room temperature. 1 This restrained drying is 
used. to. me ^approximate as -creped properties of the sheet 
Multiple fabric can drying could also be used but might not 

"exhib if such a dramatic effect in void volume, permeability, 35 
etcV^due .to. the sheet compression during drying that is 

-commonly encountered with this method. 

7 lyHG^S^is 7 a photographic representation - of r the - cross 
machine. direction of a 35 lb web produced according to the 
present^invention. The web was creped from the Yankee 40 
dr^ef/ywith; a 10° beveled blade. As can be seen from the 
SO^hotograph, delamination of the fibers occurs within the 
web^ thereby increasing bulk and absorbency of the web. 



TABLE 5 




Product Attributes 








Basis Weight 


Void Volume, 


Description 




Ibs^OpOft 2 


gms/gm 


Example P 




29.0 


5 - 25 


Conventional 








Diy^Crcpe 








•-■ Example' 141 




34.2 


7.84 


Invention w/lWc3&> 






Example 142 




34.1 


6.79 


Invention w/15° 








Blade" 








Example 143 




34.5 


7.99 


Inyention w/0° 








Blade 








UnoepedTAD 




25.7 




Towel 








Conventional 




3IJ 


532 


Wet Crepe 








Towel 









Example 142 

web was produced as in Example 141, except that the 
creping> was ; carried out using a 15° bevel blade. 
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FIG: - 9r is a photographic representation of the cross 
machine direction of a 35 lb web produced according to the 
present in vention.. The web . was creped from the Yankee 
dryer~with a. 15° beveled blade. As can be seen from the 
SQ^hotograph, delamination of the fibers occurs within the 
webj' thereby increasing bulk and absorbency of the web. 



50 



Example 143 



55 



The results are consistent with an increase in air perme- 
ability of about 2 to 4 times those of a conventionally dry 
creped web, shown in FIG. 6, in spite of the fact that the wet 
creped samples of the invention, were 20% heavier than the 
dry creped samples. The absorbent sheet of the invention 
typically has an absorbency of 250-350 grams per square 
meter. 

It can be seen from Table 5 that a sheet in accordance with 
the invention exhibits higher as-creped void volumes than 
either conventional wet creped or conventional dry creped 
products. The as-creped web exhibits a characteristic void 
volume which is used herein to approximate as closely as is 
practical the actual voidage of the wet sheet as it is creped 
off of the Yankee dryer and dried without disturbing the 
as-creped microstructure in accordance -with the foregoing 
prpeedure£ v In^ examples, the. as-creped sheet 

was lightly calendered which may have additionally com- 
pressed the web slightly. Characteristic void volumes of the 
web as defined above, that is, measured on a wet creped 
sheet which is thereafter dried without disturbing the void- 
age thereof^rnay.thus be slighdy higher (up.to perhaps 20% 
or so higher) than as shown in Table 5. In any event, the 
values" reported, in Table 5 approximate the characteristic 
void volumes (as creped) of the various products shown. 



A-web was produced as in Example 141, except that the 
creping .was carried out using a 0° bevel blade. 
The_atoye_ examples establish that this process responds 

, but the low internal 
"wetness, 



Comparative Examples Q and R 

The following examples demonstrate that conventionally 

j^_P?5 )a I e< * we !;'5^^"P r P 1 ^ ucts arc* 1 * 0 * generally suitable for 

_ throughaY^g^ar practical" drying^raKST The advantages of 

. jjffljffil j^ e , .^P* 11 & e .? ects * the present invention over throughdry processes is appreci- 

Ii ;was .quite' surprising that the coating" dn the Yankee ated" by" considering FIGSrlOA through 10B. Throughdry 

su^ace -never '"changed throughout the above examples. processes for making absorbent sheet require relatively 

Similar processes carried out on a cooler Yankee resulted in 65 permeable webs which are not conventionally formed by 

sign ificant changes in the coating on the Yankee making the wet creping at high basis -weights or with recycle fiber 

'■ coating difficulftb establish and to maintain. having a relatively high fines content: In this respect, a series 
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g^^^CDUshects made from 100% high ash recycle were 
^HwSat .thrpughidrying at practical rates by wetting them 
up to 300% (consistency of 25%) and drying them with hot 

air i'ti a thT rmghriry a pp a ratus 

FIG. 10A is a plot of. drying time versus moisture content 
fonaTw^ciepe^ 

furrns&Twhlerein tne drying temperanu^was 220° C. and the 
pressure drop wa s about 480mm of wat er through the sheet 
FIGr-lOB-is a plot of -air-speed through] the sheet versus 



inch (count) is also from 10 to 200. The strand diameter is 
typically smaller than 0.050 inch; (2) on the top side, the 
distance between the highest point of the MD knuckle and 
the highest point on the CD knuckle is from about 0.001 to 
about 0.02 :Gx. 0.03. inch: In between these two ieveis there 
can be. knuckles formed either by MD or CD strands that 
give the topography a three dimensional hill/valley appear- 
ance which is imparted to the sheet during the wet molding 
step; (3) on the top side, the length of the MD knuckles is 



. I^J*JI?g^ 10 equal to or longer than the length of the CD knuckles; and 

- genera te - . ■^ ^ rr - (4£te r feteic • may * be made "to show certain geometric 

— H G. ilA is ra p l o t of drv-irSSme versns rnoisturetxmtent panernsu„tha^^are pleasing to the eye, which is* typically 

~" repeated between every twgrto 50 warp yarns. Suitable 



starting at v a rious moisture levels at nme^O for a 28 lb/3000 
ft 2 , .wet creped.produa_niade:. with recycle furnish wherein 
. the drym^temrJ^^ 
drop was^arjout^dimm^ofthere 

is_ a ,plor of^air^speed^ through -the, sheet utilized to 
generate the data of FIG. 11B versus pressure drop through 
the sheet .'• " r i '■ ... 

r The data of ^G^^ utilized to 

calculate a throughdry process drying length shown in Table 
6 below, wherein drying-is -calculated beginning at 25% 
consistency arid contmuing to 95% consistency. 

TABLE 6 



15 



rhTTTnghTfry^PlTXT^sing Dryin g leng th Crmwrrfirmal 

Wet Crepe Products 

Basis Weight Drying Time Air Flow Rate TAD Length (@ 
(lbs/3000 ft 2 ) (From 25% Cons) (500 nun Ap) Commercial Speed) 



13 



25 



0.25-2 m/sec 



19.5 se^I3 0.75 m/sec 



433 ft 
(5200 fpm) 

1170 ft 
(3000 fpm) 



•Basis: Begin drying at 25% consistency (3 lbs water/lb fiber) and finish 
drying at 95% 'consistency. ' 



commercially available coarse fabrics include a number of 
fabrics made by Asten Johnson Forming Fabrics, Inc., 
incTuffihgT without limitation Asten 934, 920, 52B, and 
Velostar V-800. 

The consistency of the web when differential pressure is 
applied must be high enough that the web has some. integrity 
20 and that a significant number of bonds have formed within 
the web, yet not so high as to make the web unresponsive to 
the process. At consistency approaching dryness, for 
example, it is difficult to draw sufficient vacuum on the web 
for deflecting it into the fabric because of its porosity and 
25 lack of moisture. Preferably the consistency of the web 
about its surface will be from about 30 to about 80 percent 
and more preferably from about 40 td.about 70;percent and 
still more preferably from about 45 to about 60 percent for 
pressure or vacuum forrning and simttar. .consistency for 
30 fabric creping. While the invention is illustrated below in 
connection with vacuum molding, the means for deflecting 
the wet web to create the increase in internal bulk can be 
pneumatic means, such as positive and/or negative air pres- 
sure or mechanical means such as. a male engraved roll 
35 having protrusions which match up with the depressions in 
the coarse fabric. Deflection: of the web is preferably 
achieved by differential air pressure, which can be applied 
by drawing vacuum through the supporting coarse fabric to 
pull the web into the coarse fabric or by applying the 



Clearly, ^^^hUe .throughak^diymg. lengths of 50-100 feet 
could be considered practical in connection with 16-18 foot 

diameter throughdryers with 270 degrees of wrap, lengths 40 positive pressure into the fabric to push the web into the 

above this would not be. Thus, for a wet creped sheet with coarse fabric. A vacuum suction box is a preferred vacuum 

low permeability, throughdrying is simply not practical. source because it is common to use in papermaking pro- 

The present invention is advantageously practiced in cesses. However, air knives or. air presses can also be used 

connection with high speed transfer over an open draw and to supply positive pressure, where vacuums cannot provide 

wet' Shaping the air side of the' web after it is creped from the 45 enough pressure differential to create the desired effect 

Yankee dryer and before it is throughdried or the invention When using a vacuum suction box the width of the vacuum 

may -be practiced ,in connection with fabric creping from a slot can be from, approximately Vi6 inch to whatever size is 

Yankee dryer followed by throughd rying as will be dis- de sired as long as suffi cient pump capacity exists to establish 

cussed below, in connection with FIGS. 12A, 12B and L2C. sufficient vacuum. It is common practice to use vacuum slots 

The throughdry fabric is suitably a coarse fabric such that 50 from.Vs inch to .%.inch. 

the wet web is supported in some areas and unsupported in The magnitude of the pressure differential and the dura- 
others in order to enable the web to flex an&~res ^nsgffl > tion of the exposure of the web to the pressure differential 
diff erent ial air pressure or other force applied to ffieweb. can be optimized depending on the composition of the 
Such fabrics suitable for purposes of this invention include, furnish, the basis weight of the web, the moisture content of 
without limitation, those papermakmgTalmcVwhiclr exhibit 55 the webrthe /design of the supporting coarse fabric and the 
significant open area or three dimensional surface contour or speed of the machine. Suitable vacuum levels for rearrang- 
depression sufficient ~ tbLimparf substantial '^directional ing the web can be from about 10 inches of mercury to about 
structure to the web and are-disclosed, for example, in U.S. 30 inches of mercury, preferably from about 15 to about 25 
Pat No. 5,41 1 ,636 to Hermans et al., the disclosure of which inches of mercury. Fabric creping can likewise be used to 

is hereby Cmcorfo rate d by reference. . 60 impart caliper, absorbency and softness to the sheet as 

— desinibed^ii ^ i 'uiuie detail -h ereinafter. 



nape 



tugnorymg- 



Tncfude- 



single layer, multi-layer, or composite permeable structures. FIG. 12A is a schematic diagram of a portion of a 
Pre f err e d 4abr4cs-have at-leas^one ^fane-foUowing-charac- papermachine including an after drying section 30 referred 
teristics: (1) on the side of the. molding fabric .that is in to in FIG. 4, wherein web W is applied to Yankee drum 26 
contact with the wet web (the "top" side), the number of 65 by way of a press roll 16 and is thereafter creped from the 
machine direction (MD) strands per inch (mesh) is from 10 Yankee by blade 27 as the drum rotates. Additional skinning 
to 200 and the number of cross direction (CD) strands per or cleaning doctors may be provided as shown. After 
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vacuum box 112c as indicated on FIG. 12C. Here it is noted 
that -the web is. pulled upwardly into the fabric 106c by way 
of vacuum box 112c whereupon the web is macroscopically 
raaffanged-on^fabric - 106c. There is optionally provided 
another transfer fabric 114c which serves to support the web 
o^^^e^^mpIo^^Al^molding^web^Wi continues as 
sh6wn"by"arroWn6c T tid r a tbroughdrying unit indicated at 
118c. Fabrics 106c, U4c may be optionally operated at a 
speed slower^UiairiibrTc 104c 1 to provide additional crepe to 
we b W as described in connection with H G^b above. In 
. . - -snEtaases^olaeirm to eli mi nate-vacuum. molding 



Ml 



For. purposes of smoothing web W, and thereby preventing 
the formation of longitudinal folds therein, a Mount Hope 
roll 143 is rotatably mounted above web W adjacent the 
leading edge of the carrier medium 129. 

....... ■ «■ --.'11 *~ T7T/1C 1 A nr>A 1 C tVlf» ennnnrt 

Wltn -reidtfiCc -5UU- W a-» ****** — > ~~ — rt — 

apparatus:i62includes an air-permeable sheet 170 which is 
suitabry-snpported in a stationary condition across the paper- 
machine region 164 so as to span a substantial portion (e.g., 
arleasFbne-half) of the entire length of region .3*4. 
Furthermore, the she et 170 is sized to extend across the 
wddmbmeb^as;web"W is measured between its opposite 



as-unnecessary^- 



siteledg Si^^ side of the moving 

Throughffiyi^^ 120c provided web W; During operatiorr of'the support apparatus 162, the 

withmeans for supplying'neated air at 122c and exhaust web W is urged upwardly toward and into engagement with 

means f o i r enrovnTrair^^yat is noted that throughdry- 15 the sheet 170 as a result of a pressure differential created on 

eK^-weti^wMn-the^artas-is sho whT for exampte;:in oprw^te-sides ^o^mpving web W and wherein the higher 

U S Pat No 3 432,936 to Cole et al. the disclosure of which pressure is on the side of the web W opposite the sheet 170 

islic^rporated herefi b^liference: The web is generally <g$0iht lower side of the sheet 170). Accordingly, the sheet 

creped from cylinder 26 at a consistency of greater than 170 is positioned adjacent the side of the moving web w 

" towiriwMch'the'web _W is d^sired'to be urged, Le., on the 



abpufco^percent, typically M a consistency of at least-about 
65 percent At this consistency, the web has enough strength 
to resist damage at the high speed requirements of commer- 
cial units; however, it may be desirable to re-wet the web 
with an aqueous composition slightly in order to facilitate 



20 



low-pressurersideol^webrWr 

In the depicted apparatus 162, the sheet 170 is plate-like 
in form ah& hasrside^ges which are arranged in a plane. 
Furthermore, -the. sheet 170. is comprised of a rigid sheet 



wet-molding or provide additional chemistry to the system. ^ steel, almou^ dmer inaterials, such as an air-permeable 

fabric, can beused, and its opposite side faces, indicated 172 
and 174^HGt2l6/a^ In addition, the 

demcted' sheet 170 is perforated m "that it defines a plurality 
of through-ope^^^ bores) extending 

between the side faces 172 and 174, In i the depicted sheet 
170, each through^pening 176 is 0.25 inches in diameter 
and the, centers^of the through-openings 176 (which are 
arranged in staggered rows along the length of the sheet 170) 
are 0.5 inches apart. Thus;' the tlirough-openings 176 are 
relatively small in size arid. are -regularly dispersed. through- 
out the side faces 172 and 174. Through-openings, of alter- 
native sizes and spacings.are,,of course, possible. 

M J jii^.lherein,:the; term "air-permeable" is intended to 
descrite v arry of a ^ hurrier of materials which are adapted to 
suitably , permit the flow of air therethrough. For example 
and as mentioned above, the air-permeable sheet 170 could 
be constructed of a flexible airrpermeable fabric material or 
a plate comprised,ofor example, of a synthetic resin. 
Accordingly, the ak-permeable material need not itself be 
rigid, although a flexible material would necessarily have to 
be supported in a relatively rigid condition (e.g., by way of 
a rigid frame attached, for example, along the edges of the 
material) to resist forces expected to be applied to a side face 
of 'the'Theef offing operation of the support apparatus 162. 



The aqueous composition applied to the web may include 
chemical additives -such^as,: surface modifiers, softeners, 
debonders, .strength,: aids,,/latexes, opacifiers, optical 
brighteners, dyes, pigments, sizing agents, barrier 
chemicals, retention aids, insolubilizers, organic or inor- 
ganic crosslinkers, and combinations thereof; said chemicals 
optionally comprising poly ols, starches, PPG esters, PEG 
esters, phospholipids, surfactants, polyamines and the like. 
Aqueous compositions may include functional additives 
such, as softeners or debpnders, wet strength resins, dry 
strength resins and the like. The Web is usually re-wet to a 
consistency of about 55 percent or less to facilitate wet 
molding;, generally by way of one or more re- wet showers 
109et 111c indicated on FIG. 12C; however, any suitable 
teennique may be used. 

. -Web W is finally dried in unit 116c to greater than 95 
percent consistency and the web is transferred over another 
fabric to a take up reel, for example, as indicated at 126c. 

Transfer of web W over open draw 100 is preferably 
accomplished with the aid of an aerodynamic support as 45 
noted above. This aspect of the invention is better appreci- 
ated by way of reference to FIG. 13 which is a plot of 
^consistency, jo>r..sheet ciryness vs. Yankee dryer speed. One 
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method is described in the '309 patent noted above, while _ _ 

additional methods of stabilizing a wet web above can be 50 Furthermore, the side face of the air-permeable sheet along 

appreciated from the following. . which web W is expected to slidably move is preferably 

Referring to FIGS. 14 and 15, there is shown a dryer smooth to avoid damage to the web W by the sheet 

section of a papermachine 160 having components between As mentioned earlier, the air-permeable sheet 170 is 

which a moving pape r web W is trWerred^as the web W positioned across so as to substantially span the length of the 

is moved through the paperrnachine T60* and wherein the 55 papermachine region 164. In this connection, the sheet 170 

par^machine 160 utilizes an embodiment, generally inch- has a leading edge 178 across which the moving web W first 

cated i62;of an apparams.'for supporting the paper web W comes into contact with the sheet and a trailing edge lao 

as the web W is transferred, between the components. In across which the moving web W moves out of contact witn 

addition, in FIGS. 14 and 15 papermachine 160 includes a sheet 170, and each of the leading and trailing edges 17», 

riSoo-o^uns^ draw), indicated 60 180 is positioned in relatively close proximity (e.g., within 

Hi th ro ugh w h ich Lhtr ^ r ^^^w^^moveri-a^4hg--weh akiuul.O^ fe e t) to the closest rwpermachine component 

W is transferred between the surface 127 of the drying disposed upstream or downstream of the corresrwhdmg edge 

^y^^^^a^^p^^iacMf-Xh& carrier fabric 129. 178 or 180. If desired, the leading edge 178 or the trailing 

The support>apparatus 162 is supportedly positioned within edge 180 may be upturned (i.e„ provided with arj [ 

this region 164 and, as will be apparent herein, acts upon the 65 shape) as shown in FIGS. 14 and 17 to reduce any likelihood 

paper web-W in a manner which provides support and that web W would catch or tear as it moves across the 

stability to-the web W as web W moves through region 164. leading or trailing edge. 
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With reference to FIGS. 14 through 20, the support 
aj^ajarus 162 also includes means, generally indicated 182, 
for directing air from a source away from the side of the 
akzpermeable sheet 17Q.opposite paper-web *W so that as the 
paper .web is moved through the. papermachine region. 164, 

a l o ng th e length o"f tJ 3e^eeri70rmnhe dVptcted apparatus 
.the_ air-g^ means,,, 182 includes a blowbox .186 

simated-adfacentHhe^ above>tne side lace 172'of "the "sheet 

170 for- creating a- zone ^ oj_Jow pressure (i.e.. sub> 
-ar m o s ph eiie^pr^^ 

^£Dg™ iftawn 
^agamst^eilqw^^ way of the 

trxrougn^j^nmgs^iQ^ 
To thjs ^fendH^^ a series of 15 

wauso^ my ~ 19 4 wh i<&-a^ 

bo x-like^ 186 and also includes 

a partition 198 which is positioned between so as to separate 
^IKowr^Jif^rior 196 fronfthe sheet 170. Each of the 
w ^«i^ft=F^^0a4^of -the blowbox section .186 rare 
co^truc^^ of appropriately-shaped sheet 

m^^^^ao^^tl^inEi^or ; 196 is sized to span substantially the 
entire ^drSofthe sheet- 170. In addition, the opposite ends 
oftatemjffi^ with end walls 199 (only one 

shown- m-FIGl 16) having lower edges which terminate in 
clqse^pnmrmty to the sheet 170. The blowbox partition 198 
isra^g^sdbstahtially parallel to the side face 172 of the 
sheegn^athat a : narrow air space 200 is provided between 
menpar^on"i98 and . the side face 172 of the sheet 170. 
Nozzles ^202 and 204 are disposed at the opposite 
Oongimdinal) ends of the blowbox interior 196 for extend- 
mg^acros&the machine 160 and for receiving pressurized air 
frpmiatfair supply (e.g., a high-pressure industrial fan) and 
fpEmscharging the air through elongated slots formed along 
mc lengthiof the nozzles 202 and 204. 
"^W&^x^Brencc still to FIG. 16, the sheet 170 is suspended 
•frpm:^ei;walls'pf the blowbox 186 by way of suitable strut 
^embra.^W.sq that the support apparatus can be supported 
as-a/sinjglfe" unitary unit from a frame (not shown) situated 
above the jpaperrxiachine region 164. If desired, the blowbox 40 
186^ can/ be supported by the frame for movement into and 
outnf me parjerniachine region 164 to facilitate the servicing 
of vanous < mes»ofig ie papermachine components, such as 
^ e . CT1 ?0 n _2 doctor 133. In addition, the provision of the strut 
memr^t206 which extend between the blowbox 186 and 45 
the sheet 170 maintain a constant spacing between the 
blowr^x :i .partition 198 and the sheet. 170. In practice, a 
spacing of,!^nches (0.6787 5 mches\has .been found to be 
a suitable distance between the partition 198 and the sheet 

- The'operatmg principles of blowboxes are described in 
U:S. PatrNo. 4,551,203 (the disclosure of which is incor- 
pprated herein byjgjgrence) so that a detailed description of 
such principles are not believed to be nec essary. Suffice it to 
say -thai- as ^streams or air are mschargedTrom nozzles 202 55 
and ^ m directions g enerally away from the side face 172 
pTtfie air-permeable sheet 170, a vacuum zone (i.e., a region 
of sub-atmospheric pressure) is created within the narrow air 
space 200. The resulting difference in air pressure which 
^^^^^^^^gj^gace2W. (disposed.abyacent the sheet 60 
^_ "aposea-adjacem the ~ 
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opposite, or lower, side face 174 draws the air from the 
lower side face-174^f4he^heet-n04hrough the- through- 
openings .176 to the air space 200 so that a pressure 
differential is created on opposite sides of the web and so 65 
that the greater pressure (i.e., atmospheric pressure) exists 
on the side of web W opposite the sheet 170. Consequently, 



the air pressure which exists on the high-pressure side of the 
web (i.e., the lower surface as depicted in FIG. 1^ urges web 
W toward and thereby biases the web into contact with the 
lower side face 174 of the sheet 170. Web W may be required 
to be tensioned across the papermachine region 164 so that 
the ~web4sVpositiened close enough to the sheet 170 so that 
the web is lifted into contact with the sheet 170 by the air 
pressure which exists on the lower side of wcb. : W. 4n any 
event, it has been found that as lbng":as^he^ pressure 
differential create d on the opposite sides of the web by the 
^Wl»^i86:is/Strong enough to hold the web into contact 
with^tfag-Tsheet. 170, the movement of the web along the 
stationary sheet 170 does not cause the web to fall from the 
sheet 170. 

While the blowbox section 186 has been described above 
as-havmg^d^alls499 1 wMch-termin^ in close proximity 
to the sheet 170, an. alternative blowbox section can possess 
end walls which are equipped with edge nozzles which 
extend along the lehgth-thereof .for^dischargmg.air from a 
source and- thereby aid in: the lowering of the j air pressure, 
between the partition 198 and the sheet 170 to sub- 
atmospheric conditions. -In such a blowbox embodiment, 
therefore, the region of sub^atmospheric conditions between 
the partition 198 and the sheet 170^e bordered by the edge 
nozzles and the cross-machine nozzles 202 and 204. 

The aforedescribed biasing of web W into contact with the 
side face 174 of the sheet 170 confines the movement of the 
web along the substantially' linear contour of the depicted 
sheet and thereby enables the sheet 170 to provide a support 
backing for the web as the ; web is moved through the 
papermachine region 164. With the moving web drawn into 
contact with the side face 174 in this manner, the web is not 
in a suspended condition between the cylinder 125 and 
carrier medium 129 and the web is less likely to pull itself 
apart under the influence of its own weight or experience 
undesirable movements, such as flutter, as the web is moved 
through the region 164. Furthermore, with the movement of 
the web substantially confined along the; linear contour of 
the sheet 170 by the blowbox section 186, the web is less 
likely to break or otherwise experience damage as a conse- 
quence of the web shifting out of its desired path of 
movements Consequently, the biasing of the moving web W 
into contact with the side face 174 of the sheet 170 for 
sliding movement therealong provides support and stability 
to the web that web W would not otherwise possess if a 
relatively large open draw existed in the papermachine 
region 164 between the drying cylinder 125 and -the carrier 
fabric 129 

With reference to FIGS. 14 and 15, there is disposed 
within the region of movement 164 another support appa- 
ratus 141 disposed upstream of the support apparatus 162 for 
acting upon the paper web in a manner which provides 
support and stability to .the - web as it moves along the 
ar^aratus 141. The support apparatus 141 includes a pair of 
boxrlike compartments 145, 147 having bottom panels in the 
form of an air-permeable sheet, or foil, .137 or 139, which are 
supported so as to span the width of the paper web and 
means, generally indicated 135, for moving, or drawing, air 
from the side of the sheet 137 or 139 opposite web W so that 
as the paper web is moved - alon g, the portion .of the region 

x tj^^paJin Ci^ by-toC S U ppGrt- a^yalaxu 3-14 1~ Cm 



(upwardly) into contaa with and slidably moves along the 
length of the sheets 137 and 139. As best shown in FIG. 14, 
the upstream edge of the sheet 137 is disposed in close 
proximity to the surface of the dryer 125, while the upstream 
edge of the sheet 139 is disposed in close proximity to the 
downstream edge of the sheet 137. Each sheet 137 or 139 is 
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provided with a plurality of through-openings which permit 
the^assageof air between theopposite sides of the sheet 137 
or 139, and the air-directing means 135 includes a plurality 
of-Goanda-air-knives 449 mounted atop the compartments 
145, 147 and disposed adjacent upwardly-directed openings 

~i2EE pT3EretiE£Hm 

so "that the air Jcnives "T49 span me ^entire" width of the 
compartm ents 145, 147 . .. 

"The *€oanp^; air Jcni ves 149 are ^daptect to recei ve "com- 
T?resse fc nr^e^^in_the ran ge ■ofjetween 30 and 60 psig) 
-ftom=jFc o njrj te 

oirecteg out^tfe ^ves:14^ 
a right angle to the ■ air-perra^let 
-accordance^aolth-m^ Coanda effect, . 

- th & ah- whith is forced to exit.me ^miyesd49^ntta i^7^rid 
thereby draws, airjxom^fe of the "compartments^ 

i45^d £ 147^^^M creates 
a : region -of.sur^ the interiors of 

thV cdm par&n^ of the sub- 

araospteitf and l<f7 . 

renders' the -alffibspti^ underside of the 

wefr^ghertiia^^ sheets 137 and 

139~s%lfi^ the greater air pressure 

upwardly mtd^&ac^with -the' underside of the sheets 137 
and 139 for sliding movement therealong. This biasing of 25 
the. web into contact wim the.underside of the sheets 137 and 
13?^^fe [^^bS^es^therealong enables the sheets 137 and 

^mva^tibn^;the compartment 145 is hingedly secured to 
arjpropriatej support means adjacent the trailing edge of the 
sheet ,137. so . thai the compartment 145 can be pivoted 
between' a'ppsition^iUustrated in solid lines- in FIG. 15 and 
a position iUusteate^ in FIG. 15. Therefore, the 

compartment|147: acts asa trap door (or a skinning broke 
bombay door) rrovidingfan opening through which the web 
could be routed torn 1 the skinning doctor 131 to facilitate the 
sem(rag*o£Acara^ of 
the -papermachine : component--;-.. 
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Moreover, by selectively moving the plates 212, 214 and 
216 independently of one another to alternative positions 
along the sheet 170 permits the biasing strength exerted 
upon the web W to be controlled in selected areas of the 
length of. the sheet -170.; Such control, for example, can be 
utilized tacontrpl the biasing strength exerted upon the web 
W along onry the side edges of the web W. The capacity to 
control the biasing strength exerted upon the web W with the 
plates 212,~ 214 and 216 can be particularly useful to adapt 
the support app aratus 162 to support paper webs of different 
weig^br_waW^6n^ r -" r. 
,~It-wiiL :.l^;imdfarsto^ Jtlmt r nuoDDcarous modifications and 
subsnmtions can be had to me aToredescribed embodiments 
without departing from the spirit of the invention. For 
example, although the : air-r*rmeable sheets 170, 137 and 
139 di the support ^ apparatus elnfodiments of FIGS. 14-19 
have been shown and described as including through- 
openings which are formed with bores having longitudinal 
axes which are normal to the surface of the corresponding 
sheet, an alternative air-permeable' sheet can possess 
alterriatively-forrned r air passage way s;:For example, there is 
shown in FIGS. 20 and 21 an'air-penneable sheet 222 having 
through-cr^nings 224 which are vprovided^by slot-like open- 
ings whose walls are arranged^atran oblique angle with 
respect to the direction of travel of the web W therealong, 
wherein the direction of webjravel is ino^cted by the arrow 
226. Furthermore and as best 'shpwn^^^frthe transversely- 
extending edges of me •through^pemngs- 224 are canted 
forwardly of the sheet 222 relative to the nearest side edge 
of the sheet 222. With the wajls^i edges of the through- 
openings 224 arranged faVtmff fmrn^ef, the biasing effect of 
the air pressure differential m&ce^ on or^wsite sides of the 
web W by suitable ak-direetmg:^ as the blowbox 

228 of FIG. 20, effects a desirable cross-stretching of the 
web W with force vectors havmgjcomponents directed both 
rearwardly of the sheet)2^?andjbutwardly toward the 
nearest side edges of the weVW> ^ T 

In still yet other embodiments; the ajr foil may be a simple 
planar passive i airfoil;- or may;De a r contoured air foil having, 



With reference to FIG: 18, there is shown a support 
apparatus 210 including the components of the support 40 for example, a complex curvature along its length as well as 



apparatus 162 of FIG. 14 with the addition of a series of 
three perforated control plates 212, 214 and 216 which are 
positioned upon the upper surface (i.e. upper side face 172) 
ofthe airrr^rmeable sheet 170 and are releasably secured to 
the sheet 170 along the side edges thereof. (The components 45 
of the FIG. 18 support apparatus 210 which are identical to 
those, of th^FIG; 14 support apparatus 162 accordingly bear 
thfusame reference. numerals.) As best showninHG..19, the 
control plates 212, 214 and 216 define through-openings 218 
which are positipnable in registry with the throu^-openings 50 
176 of .'the underlying sheet 170 yet are capable of being 
shifted forwardly or rearwardly (relative to the direction of 
wehjnavemenpjdongjheleng 

so that the through-openings 218 are mo vable into or out of 
registry with the imtolyihg orjenihgs 17^TBy moving IhV 55 
pJ^es 212, 214 a nd 216 forwardly or rearwardly along the 
sheet 170- (in onerof the directions -indicated, by-the. arrow. 
220) between a position (as illustrated in-FIG..18) at which 
the throujgh^r^nings 218 and 176 are positioned in registry 

wilh^ne^nQtbW^ Qolj l^ t t h e 1 mBerffihgl thrn i igh^ppfiifig^ 



along its breadth. One design- is convex along its length 
facing web.W (l-2^pf/conyexity over some 4Vi' in length), 
i.e., in the machine direction with, a similar convexity across 
its breadth in the. cross machine direction. This design is 
iUustrated^mHG^ilschematically which is a perspective 
view of a complex curvature air foil which may be utilized 
in accordancerwitfcth^ of FIG. 12A, if so 

desired,Fc&2254ep^ to foil 102 of FIG. 12) is 

formed of a generally planarl member 227 having an upper 
surface l229^disposed. : away from web W and a lower 
complex -curvature- surface,: 231 which is to be disposed 
adjacent;web;:Wi for example, as a substitute for a simple air 
foil i 102 L Surface 231 is biaxially convex, being 1-2 inches 
convex aboutTts center with respect to the edges thereof in 

,,11 ; 

an^tlrrectiOTiSTT^.-^'Tr^T;- - 



=®e= 



alternative position at which the through-or^nings 176 are 
ertfeer-pamdlly or. fully obstructed (i:e; clos e4}-by4he-plates 
212, 214 and 216, the exposure of the- web W,,to the 
sub-atmospheric condition of the space 200 can be 
controlled, thereby permitting control to be had over the 
biasing strength exerted upon the web W ; . 



A preferred method for providing support to a paper web 
oyer_arjLppen ^ draw in a papermachine employs one or more 
airfoils- with a multiplicity of overlapping plates defining air 
injection gaps therebetween. Referring to FIGS. 23 through 
60 26, there is illustrated schematically such an apparatus and 
ks-A^iolis^pal^^ supplying relatively 

low pressure injection air to the air injection gaps as 
described, in jdeta^. below. 

. With reference to. FIG. 23, which is a schematic side view 
65 of a fragment of a dryer section of a papermachine, there is 
shown a . region 300 of a papermaking machine through 
which a paper web W is transferred^pkthe surface 255 of 
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Yankee dryer 256 to a carrier fabric 258 over an open draw 
260 in the direction indicated by arrow 302. As noted in 
connect ion with FIQ.J14, web W is not supported over the 
open draw alnd ma^be subject to^damage at high production 
-s predsj4uej^^ , - 

" Creping doctor262 crepes web^irom the drying surface 
255>\iuring/ty^icaLoperatibn whereas skinninj doctor 270 
may ^beyefflpioyed tor^tms^ purpose^ sryradickky~during 
maintenance on the paj>ermachine. 



^surface 



25^B;fa^F258l^irf6il 3(^;h^ 3"step icons' 308, 310 
andJ312^finingits loj^er. t surface 314.w_Wch is. a substan- 
dally c^fltinuous surface while second airfoil 306 has 5 step 
portkmsr-3 1 6 ; 31 8 , 3 20f-322-and~ 323 -defining its- lower 
si irf ace-324^whichis likewise.a substantially, continuous, and 
generally planar surface. Stepped surfeces 314, 324 provide 
supportr4c^web^^^ .oyer open draw 260. 

^MjSfe^ . is . betieved rthat 

moving web W> entrains air firom between the web and the 
airfons/jdiereby creating relatively low pressure or vacuum 
^M^^S^^?ftl^t!^^^9 n op? 1 ** 68 10 support the web. 
It;^ j b^;fprad^in accordance with the present invention 
that it is* advantageous to inject air at relatively low pressure 
betwi^jWeb^W and a support surface, such as surface 314 
^b r^24 jm: or3e r jo' s^ilize the web. In this respect,, there is 
injeete^^ step pcitiohs of. the. support 

sur£acefr314,-324, injection air at a gauge pressure of from 
0 r LtcSl»"uu4b inches of water to stabilize the system. This 
? is^ih^(OTntras where high pressure air is 

inject^akvelocities greater than the web to create a vacuum 
tfy^aySf ithe'Cbanda effect. 

::. : .#£iSSnibodiiMnt of FIGS. 23-26, airfoil 304 has a first 
gajr326? denned between step portions 308 and 310 and a 
second gap ; 328 denned between step portions 310 and 312. 
:Airfo£306<is provided with a first gap. 330, between step 
ipGrfer^^H^and^lS, : a second ... gap_332 : between step 
portions 318, 320 as well as a third gap 334 between step 
pornp£:320.and;322 and a fourth gap 336 between step 
portionsr322and 323. 
. : iFIG. 24 is a schematic view in perspective showing airfoil 
306 of FIG. 23 oriented atop web W as the web travels along 
,dii^tion^02.^Web-W, travels along lower surface 324 .which 
ihcludes'the various step portions 316-323 as shown. The 45 
step-portions are- supported by a housing 338 and may be 
integrally rormelfftheTewith, f or example, if the foil is cast or 
^mffigje^fabrka appreciated 
by^one^ of i skill - in the art The housing also includes a 
plurality of^air manifolds indicated schematically at 50 
34(P346; Eachjmanifold is independent of the other, that is, 
not mtefconnected-so that the pressure supplied to each.gap 
330r^32^-334^anoV336^s -independently- adjustable— This 
arjan gerneht provides for enhanced control, o f the air supply 
to each opening..Thus, manifold 340 supplies air to gap 330, 55 

manifold 342 supplies air tn gap 332 and so forth 

"TfiecWfiu^n and operation' of foils 304, 306 is further 
ar^reciated by consideration of FIGS- 25 and 26: FIG. 25 is 
a^herjaatiG-par^alrSide.view-of-foil 306 .wherein itis shown 

tlOUSing- gurfarf ~^2d~ wifH~y^nTi^ri^mpnnenlS^60. 



merited. In operation, web W is in sliding engagement or 
near engagement with foil 306 at only its most outwardly 
protruding portions, for example, at lead portion 358, plate 
junction 360, plate junction 362, plate junction 364, plate 
junctipn;-366--and trailing portion. 368. There is thus a 
pl^ity\)f^vrties 370, 372, 374, 376 and 378 between web 
W and surface 324, each of which is supplied with air under 
a positive gauge pressure from manifolds 340-346 through 
gaps 330-336. The gaps and associated- structure are pref- 
-e rabiy id eaticaLor nearly, identical. in, configuration and have 
tfie3eatures shown, schematically„in .FIG. 26. 
^FTn^ir^*^^ -partial view in elevation and 
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Surface 324 includes a plate J4« Oenned~by portion 316, a 
plate ,350 defined, by portion 3 18, a plate 352 defined by 
portion 320, a plate 354 denned by portion 322 andiaplate 
356 : defined by portion 323: The plates 348-356 as well as 
surface 324 are generally planar as shown in FIGS. 23-26 
and overlap with each other as is best seen in FIG. 26. The 
plates" may be unitary or segmented,, but preferably seg- 



cross-section of gap 330 of foil 306 of FIGS. 23-26 showing 
the gap and its associated manifold 340. Manifold 340 has 
a phirality nf walls tn . con tain injection air generally under 
a~j^si&^epuge pressure o&foMPO.l to 40 inches of water 
in communication with gap 330 through a channel 385 such 
that air is . gently Ejected through gap 330 into cavity 372 
between web W-ana^surface 324 along the direction of travel 
302~rin^^^^ 348 is a 

segmented, plate including a knife edge portion or strip 378 
provided with a beveled or charnfered edge 380 disposed in 
junction 360 and secured by a plurality of screws such as 
screw 382. Thus, when web W contacts junction 360, the 
chamfered edge 380 will not snag or damage the product 
since it is tapered in me : ;direction of travel of the web. In 
general,' the. gap has an opening 384 of length 386. Opening 
384 is generally from about 0;05 to about 2 mm whereas 
overlap length 386 may be 5 mm It is further noted that the 
opening of the gap 330 is generally directed in the direction 
of travel 302 of the web W. 

Inventive air foil 306 may be hingedly mounted in paper- 
machine region 300 as described above in connection with 
other embodiments..- While the injection air gaps such as 
gaps 330 and 332 generally have a distance between sur- 
faces or a gap opening 384 of from about 0.05 mm to about 
2 mm, from about 0.1 mm to 1 mm is typical, with from 
about 0.25 to about 0.75 mm often being preferred. A gap 
opening of about 0.5 mm is believed particularly suitable for 
stabilizing a wet or moist paper web. Air is supplied to the 
various air manifolds, such as manifold 340 supplying air to 
gap 330, generally at a pressure of from about 0.1 to about 
40 inches of water (positive gauge pressure) whereas pre- 
ferred .pressures may include from^aiout 0.25 to about 20 
inches of water or 0.5 to 10 inches of water in some 
embodiments. A manifold positive pressure supplying the 
gap with air of from about 2 to about 3 inches of water is 
beheved^artieularly- suitable. 

As noted above, web W may be compactively de watered 
prior to being wet creped by a variety of methods. One 
metho^by way of a controlled pressure, extended nip shoe 
press, shown, for example, in U.S. PaL No. 6,036,820 of 
ScMel et ah, the disclosure of which is incorporated herein 
by-reference. A _cpntrolled. pressure shoe press may be 
inserted into the production line of FIG. 4 in any convenient 
position. The device, may be generally configured as illus- 
trated schematically in FIG. 27. FIG. 27 illustrates, in a 
partially sectioned side-view, a shoe press unit 410 in the 
form of a .shoe press roll with an associated pressure fluid 
supglyjand an-.associated.tilt control. Shoe_.press unit 410 
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may be utilized To~treat a nbrous puip- wermr-3-jjress zone 
414 formed by an opposing surface 412 and elongated in a 
web'run direction L. Shoe press unit 410 may include at least 
one press shoe 416, a flexible press jacket 418, e.g., a 
flexible press belt, guided over press shoe 416, and at least 
one force element 422 formed by a cylinder/piston unit and 
supported on a carrier 420. The at least one force element 
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422, and, thereby press shoe 416, presses flexible press A reference pressure may be taken from pressure chamber 

jacket 418 against opposing surface 412 of a mating roll 424. 426 through a connection line 452 coupling pressure cham- 

- ^esides-the-nbrous pulp web, one or two felts may be ber 426 and addition valve 450. Through connection line 
guided through press zone 414 formed between press jacket 452, flow regulation can be provided, e.g., via an adjustable 
418Wopp5sing surface 412 of mating roll 424. 5 throttle 454 to substantially hinder or reduce vibranons of 
^^e^diadei^pn unit of the at least one force element aooiuon vaive 

iZES®iM^E&ti& ch^mbe^sMsLving at least one pair Surplus rihrnay-ftow through from pressure fluid line 432 

of cylmder/rnston subunits 428 and 430. Cylinder/piston to addition valve 450 and through a return pipe 456 to the oil 

suburdts^428band-430-afe successively arranged -(i.e., sub- container 442. 

sequenuto_each other) in web run direction L and may be 10 Between pressure fluid line 444 and pressure fluid line 

su'p foe^ urjorlTw unlttessure ^mdr vra separate 432 tha t le ad snacylmdeT/piston subunit 428, a flow-through 

pressure ffutcT lines ^432 and 434; to impart alEUtin^moment limiter 458 may be pwovided to prevent pressure in pressure 

-tbTJress-^rK)^ lme :444iifrbh^Mliir^ pressures are 

pexpendicuiarta web run direction L. Cylinder/piston sub- adjusted in cylinder/piston subunits 430 that are signifi- 

units 428 an d 43j.rnay be inUjgrated into force element 422. 15 cantly higher than the medium pressure 
"3Binhe T,^a^uiality o f j airs^f-eytoderffiston- subunits 

428 and 430 may be positioned transversely to web run + Pi 

direction L/to"form two rows of cylinder/piston subunits 428 2 

and 430 successively arranged in web run direction L. 2Q 

As shown, in FIG. 27 force element 422 may includes Flow-through limiter 458 may be, e.g., a throttle or a 

pressing piston -436 arranged within a cylinder 438. Press volume governor havmg¥reg^atec^ 

shoe 416 may be pressed by one or several pistons 436 a required amount of pump P. Thus, even at a pressure "zero" 

arranged in one or several cylinders 438. Cylinders 438 are ^ p^s^ fl^d \{ ne 432 leading to cylinder/piston subunit 

preferably hydraulic cylinders. 25 428, it is ensured that the maximum system pressure in 

A predominant portion of a resulting force may be pro- pressure line 444 is preserved. - 

duced through oil pressure in pressure chamber 426 of force A ^sired tilt of press shoe 416, and, thereby, the pressure 

eieMat 422: The 60 pressure may be built up by a pump P lf pn)file curve - m ^414; m^f occur via pressure 

aripnay : be^iridicated by a pressure measuring or indicator governor 448 controlling the pressure in pressure fluid line 

device PI^ Pump Pi may suction oil from a supply or 30 434 leading w cylinder/piston subunit 430. 

reserve in an oil container 440. For the sake of clarity va lve 450 substantially mamtains thesumP 2+ P 3 

several elements of the hydrauhc circuit not essennal to ±e ^ J cy H nto ^ ^ 

features of the present invenuon that are known to the ^ d 430 ^ bs constant Vt all times and substan- 

ordinarily skilled artisan, e g., control valves and reverse ^ ^ pressure in pressure fluid line 460 

movement of the oil, have been omitted. 35 leading to chambc r 426. The supphed ' pressures 

- -Both cylinderypiston subunits 428 and 430 can be sup- be set by ^ ^ 0 f addition valve 450. 
pliedor imparted upon with differential pressures to exert a pressure shoe press of FIG. 27 may be 

sameorconstantU) tal force «P"^ 41 * compactively dewater web W prior to or contem- 

. ^hyc^c^ump P 2 , which suctions oil from an oil . ^ adhered to Yankee 26 of FIG. 4. 

confer 442 and conveys the suctioned oil to assure 40 J p Lure shoe press can be used to 

hne 444, creates or produces the pressure to be supplied to « ^ consistency of about 40 

subunits 428 and 430. If a surplus oil flow occurs in pressure compacuveiy aewaier me wcd iu * wu* y ui «muui w 

line 444, the surplus may be channeled back into oil con- percent or more. 

tainer^through a system pressure limiter 446. Cylinder/ The furnish or web may be compacuveiy dewatered in 
mstonlubunit 430 may be supplied with adjustable pressure 45 accordance with the present mvenuon by way of an opti- 
via a pressure governor (regulator) 448. The corresponding mized shoe press which transfers the furnish or nascent web 
pressure exerted on subunit 430 may be indicated by a to a transfer cylinder which may be a dner. As used herein^ 
pressure measuring or indicating device PI 2 . For example, transfer cylinder refers to a roll that picks up the fibrous web 
thenressure imparted to subunit 430 via pressure governor thereby transferring the fibrous web from the foraminous 
448 may be adjustable from a value of zero to a maximum 50 carrier fabric upon which it had been earned. Typical 
value that is less than or equal to the system pressure in transfer cylinders according to the present invention can 
pressure line 444 include a steel roll, a metal coated roll, a granite roll, a 
Tne sum of fluid pressures P 2 and P 3 in respective Yankee drying cylinder, and a gas fired drying cylmder. 
pressure fluid lines 434and 432, i.e , P 2 +P 3 , that is supphed Transfer cylmders for ^accoroing to the present method 
^^Under/piston subunits 430 and 428 is rnainmlned 55 may be healed or cold. When the ^tocym^s^ 
— - 1 — : - — — r -,-. 0 „ a D U „ OT , with an induction heater the cylmder is preferably Con- 
or kept constant and proporuonaT to pressure P, by an WiLU , , . . . . , ,/L . . *\ . . J , 
addition valve 450 coSptodto pressurTchamber 426 of structed or coated with high ^^y mmcn^, such as 
cylinder 438 of one or more force elements 422. Because of copper, to aid m ™mg^ ^^^f^^^.^ 
the constant fluid pressure force exerted through the differ- transfer cylinders may be used in the process according to 
ential pressure fluid lines 432 and 434 on subunits 430 and 60 the present mvenuon. 

428 -me-rrigto me-jiressure P 2 in a pressure fluid line 434 Heat is preferably applied to the transfer cylinder and/or 

-Te i nffi^oH?li^ — b acking roll, H eaH*n-be applied by any art-known scheme 

pressure P 3 in a fluid line 432 leading to cyhnder/piston mcluding induction heating, oil heating and steam heating. 
-subuffi^4^8,Hhe4ngfler^e-^ press jacket (^rnmg^available induction heaters can generate very 
418 and mating roU 424 will be at the end of press zone 414 65 high energy-transfer rates. An induction heater induces 
and, the lower^^press force will be at the begiiining of electrical current to the conducting roll surface. Since the 

press zone 414***^ induced current can be quite large, this factor produces a 
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grades. Rewet has been estimated to be from 5 to 50 g/m 2 shelf surface 550 defining a creping ledge width of length, 

of-water*. .depending on the felt, furnish, etc. Rewet for a ^a blade body 556 which has an inner body surface 558 and 

conventional shoe press can be determined from the above ian outer body surface 560. In operation, blade 27 is 

equatioor-The amount of rewet for the optimum shoe press juxtaposed, for example, with Yankee dryer 26 as shown in 

is- prefera bly less than about 50% of the amount determined 5 **iGS. 4 and 12 such that shelf surface 550 contacts the wet 

~ fr orn^ w e^s meory using a conventional shoe press system. we & W during creping. One method, and perhaps a preferred 

Rewet "is "preferably from 0 to 10 g/m 2 of water, more method of ensuring a narrow shelf wherein the creping shelf 

preferably from 0 to5 g/m 2 pf water. effective width is no more than about 3 times the sheet 

""According to another embodiment of the present fbkkness is to make the length S sufficiently small so that it 

... -iaa^oa,~a.pressing .feU wrapsohe blanket and, therefore, ia I S not P° ssibIe to accumulate more material than "can be 

p nW away quickly-frorrr the sheet -reducing the time for suppprteFbn surface 550. Most preferably, the distance over 

, . ..possible rewetting. This design, as depicted jng2pcan be $0? h - c^S^ ac f umulat f s on of the creping 

. achieved by aheiin?me takeaway an#o?the felt fio'm the Wadwhedd beonly slightly greater than the sheet thickness 

nip and tap^glhe exk sTde'of L shoeT'Tb aid m blanket f ** ^ ^ l ? ™f^£ sh * lf ' 

- ^Z^ . .:77V , u # . . " ~r L , S, is suitably from about 0.005 to about 0.025 inches. 

'- ^S^^m^g ^ LM^c^is Practical means of executing this include lightly loaded 
bhmket oaameter can be reduced; the blanket can be eccen- nanow shelf steel creping blades and ceramic blades ground 
^^ y - 3 ^^*~^-^^^ pto?; ^^^ ( ^ ot in a fashion so as to self sharpen while mamtaining the 
| sho wn in FIG. 32) positioned against the blanket can deflect desired ledge width. Other methods of controlling the dis- 

I thevbelt further. tance over which creped material accumulates on a creping 

§ -^F^ f 33yshowsr^ 20 blade shelf surface such as surface 550 include carefully 

I present invention. In FIG. 33, a schematic sketch of a shoe selected blade surface material, geometry and accelerated 

£ press-showing ~a< sheet*-felt,. and- blanket is displayed. This sheet removal as further discussed herein. 

shoe pressutilizes a very steep pressure drop at and follow- In all cases, the creping shelf effective width, that is, the 
ing me exit of anmp curve of the press, while simultaneously distance in the direction of travel of the web wherein web 
separating the felt from the blanket and from the sheet. In 25 material accumulates on a creping blade ledge is less than 
^ jnanner , the negative pressure generated by surface about 3 times (and most preferably only slightly greater 
^SiPH^^^ separate are effective than) the thickness of the wet web on the Yankee dryer prior 

m-reancmgv^ the sheet as the felt to creping thereof. For purposes of convenience, however, 

and. sheet are separated The drawing shows a sharp drop off the crepe shelf effective width is also defined in terms of 
of :.tte blanket near the shoe which, in turn, permits a quick 30 thicknesses of dry sheet by the same relationships, 
separation of the felt from both the blanket and the sheet Narrow shelf creping is further appreciated by reference 
^^^gomgtfelt would be pulled at an angle that equally to FIG. 36. Web W is applied to a Yankee dryer 26 by way 
bisected the i Yankee and blanket surfaces. Then by adjusting of a press roll 16 as discussed in connection with FIG. 4. 
the tension' on the felt, the exact point of separation can be Web W is thereafter dried to a consistency of from about 30 
controlled to affect the mini mu m in rewet A felt drive roll 35 to about 90% prior to being creped by blade 27'. Blade 27 
IcK^ed iinmediately following the shoe press can control the is provided with a parabolic creping ledge 90' with a 
.tension. level on the felt The objective of this embodiment decreasing radius away from the line of contact of the 
ac^rding>to [ the present invention is to affect the transfer of creping blade with Yankee 26. This geometry is conducive 
the sheet from the felt at the same time that the negative to mamtaining a narrow creping shelf effective width S* as 
pulse caused by the separation of the felt and blanket occurs. 40 shown. The effective width is thus defined as the distance 
This design not only minimizes the time the felt is in contact over the creping blade ledge that the web contacts the blade, 
with the .sheet; the added vacuum pulse will significantly So also, accelerated sheet removal can be used to maintain 
reduce the amount of water than can flow, even over the a narrow creping shelf effective width as shown in FIG. 37. 
^jy™ 6 : Point A ^ nG ' 33 is toe P° mt of zero pressure In FIG. 37, web W is applied to Yankee dryer 26 by way of 
on thepressure distribution curve at the exit side of the nip. 45 press roll 16 as shown in FIG. 3. Thereafter, web W is creped 
The nip pressure curve for the sheet/felt in FIG. 33 would off of the Yankee by blade 27. The sheet direction is 
most-likely approach that shown in FIG. 30. controlled to make an angle 562 between the sheet and the 

Referrin gjp_HG,.34, the creping angle or pocket angle, tangent 552 to Yankee 26 at the line of creping of less than 
a, is the angle that the creping shelf surface 550 makes with about 60 degrees. Angle 562 is suitably less than about 45 
a tangent 552 to a Yankee dryer at the line of contact of the 50 degrees. In this way, the creping shelf effective width, S", is 
creping blade 27 with the rotating cylinder 26 as in FIG. 4. kept small. 

So also, an angle y is defined as the angle the blade body In some embodiments of the present invention, creping of 
makes wfth tangent 552, whereas the bevel angle of creping the paper from a Yankee dryer is carried out using an 
Made 27 is the angle s urface 550 defines with a perpendicu- undulatory creping blade, such as that disclosed in U.S. PaL 
iar:»» to me Diaoe body as shown in the diagram. Referring 55 No. 5,690,788, the disclosure of which is incorporated by 
to FIG. 34, the creping angle is readily calculated from the reference. Use of the undulatory crepe blade has been shown 
formula: to impart several advantages when used in production of 

<*=90+Uade bcvd anglc-y dssue products generally and especially when made prima- 

rily or entirely from recycled fibers. In general, tissue 
As noted earlier, the creping angle is suita bly from about 60 60 products creped using an undulatory blade have higher 

-ffi^hftfH^-S^rgrf^r^ 'caliper (rhjrVnessV increased CD stretch, and a higher void 

from about 0 tqgjputsSO degrees with from about 5 to 15 volume than do comparable tissue products produced using 
degree&--being-typical: . conventional crepe blades. All of these changes effected by 

FIGS. 35A-35C illustrate a portion of a conventionally- use of the undulatory blade tend to correlate with improved 
styled beveled creping blade 27 which may be utilized in 65 softness perception of the tissue products, 
accordance with the present invention (likewise a rectangu- A salient advantage of using the undulatory blade is that 
lar profile may be employed). Blade 27 includes a creping there is a greater drop in sheet tensile strength during the 
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creping operation than occurs when a standard creping blade 
is usedrThis drop in strength, which also improves product 
softness, is particularly beneficial when tissue base sheets 
having rela^eTy"^igpTbasls we1ghts~(>9 lbs/ream) or con> 
.tajjuji ^uhst antia 

SucTi^r^ui:ts^^ sttragih 
levels^ which negatively affect softness. In sheets including 
Mjft^eye ^ strength 
eqiuValent tpntfiard^ crepe blade 

^Dy^appJ^ca^n^of e^ e j nely Jugli 



TO" 



Quite obviously, the value of each of these angles will 
vary depending upon the precise location along the cutting 
edge at which it is to be determined The remarkable results 
achieved with the modulatory blades of the patented undu- 
latory blade -mv&e-^manufacture. of. the absorbent paper 
jiroducts-^due^those variations in.these angles along the 
cutting edgfe ; ^ccbrffinglyr in many cases it will be conve- 
nient to denote the location at which ; each of these angles is 
determ^dby a. subscript attached jo fche%as^symbol - for 
that angle! As noted in the '788 patent, the subscripts "f \ "c" 



levels of cheimcal^bffiders^ 
-ratidkionrt^ 



5li^;-foarning and so forth, can 
^alsojrles ultffi ad hesion betwee n the 

— steebapdrthe^aak cc^drycr, .which adv e rseiy-^mpaGts^-sheet-, is 
sof^ss, runnaj^ of deposits in stock lines 

anfehre &?nGS."^ ^ illustrate a portioH-of a 

preferred .unoSilatpry^creping blade 570 usable in the practice 
of^U^presehCmVeMdn which a surface 57 2 extend s 
ma^n^te^^ inches in 20 

lengtfcand^bfW^ 26 feet in length to corre- 

lppnd^ : Qi^^^ dryer on the larger modern 

paper; inacMnes/ Rexibl of the patented undulatory 

biaae^h^vmg:.in^fiMte length can suitably be placed on a 
spool arid used .on machines employing a continuous creping 25 
sysJeiE the blade length would be several 

y tinra-^ dryer. Vln contrast; the r height 

b^the blade^S^O^s usually on me order of several Vinches 
while;. : the Mckness of the body is usually on the order of 
fractions of: an inch* 30 
: vy^mustt3ted in FIGS. 38A through 38D, an undulatory 
cuttm^edge 573 of the patented undulatory blade is defined 
by^serrulatibns 576 disposed along, and formed in, one edge 
of the surface 572 so as to define an undulatory engagement 
sup^pGutting -'''edge " 573 is preferably configured and 35 
dimensioned so. astb be in continuous undulatory engage- 
"rne^r^tirYaiikee ^ when positioned as shown 6 in-FIG:-34, 
matn^me^biade cont^ the Yankee cylinder 

m'a smubus line generally parallel to the axis of the Yankee 
cylm^.-'In; particularly preferred embodiments, there is a 40 
ironlmTfcu^;^^ engagement surface 580 having a 

plurality : of- substantially colinear rectilinear elongate 
regions^ 582 adjacent a plurality of crescent shaped regions 
584 about^a4bot 586 located at the upper portion of the side 
588' of ?fliev blade which is disposed adjacent the Yankee. 45 
Undulatory surface 580 is thus configured to be in continu- 
ous r siirf ace-to-surf ace contact over the width of a Yankee 
1 - cylinder when in use 1 as sh own in-FIG: -34 in an undulatory 
or^muous* wave-like pattern; 

^Several-angles are; used in order to describe the geometry 50 
of the cutting edge of the undulatory blade of the patented 
undulatory bladerTo that end, the following terras are used: 

-Q e pmg ^ngle-^a"--merangle^between the -rake surface 

^fl nfrthe hlatte 57 0 and thp plan p. tangp.nt tn the Yankee at • 

the-point of intersection between the undulatory cutting edge 55 

573- and the Y ankee; _ 

Axialrake angle "P"-^the angle between the axis of the 
Yankee. and; the- undulatory cutting edge 573 which is the 
. curve, riefinf d.by^theintersection of me surface of the Yankee 

btede~570:- 



*Y' — the angte~terween--surface a/2 oftne" 
the plane tangent to the Yankee at the 



• Reliefdiigle 
blade. $70 and 

intersection between the Yankee" and"the undulatory cutting 
edjge°573; v tfie relief angle measured along the flat portions of 
the present blade is equal to what is commonly called 4 'blade 65 
angle" orMder angle", that is 'V' m FIG. 34 as noted 
above; — , 



- ^ad^S^^ i^toTangles^ 
Tpgfo^ anfritie minima of 

mVcutmig:edge, respectively. r Accbrdlngly^^ 
angle"Me^ur^ ; ^ flat portions of me'pres^nt .brade, 
is^equ^teTMat is cbnfindnly called **blade angle" or 'bolder 
^joi^^r^^^^^^^^^^fsppieaaied that the pocket 
angle oy at the rectilim^eM typically higher 

thati%e;~j^^l~^^ regions. 

The undHilawiry ^ creping^blade may . be used in connection 
with cWed r 4rberra"ebnt^ shoe: press and a 

temperirura adhered to a heated 

rotating cylino^- to^p^tice a process of the present inven- 
tion ~asf.set:fdrth" in the appended claims. Numerous modi- 
fications tb*the foregoing specific embodiments .within the 
spirit a^ scope of the claims will be readily apparent to 
those of skill in the art 

What is : claimed is: 

1. E- aVmethod of making a sheet from a fibrous furnish, 
me improvement which. comprises preparing a nascent web 
while controlling its porosity and at least partially through- 
drying said, web wherein airflow through said sheet exhibits 
a characteristic Reynolds Number based on flow parameters 
in the sheet of less than about 1 and a characteristic 
dimensionless throughdrying coefficient based on .flow 
parameters in the sheet of from about 4 to about 10. 

:2. T> The. improvement according ta claim 1, wherein the 
airflow through said sheet exhibits^pa characteristic Rey- 
nolds-Number of less than about 0.75. 

: 3; The improvement according to claim 2, wherein the 
airflow through said sheet exhibits a characteristic Reynolds 
Number of less than about 0.5. 

4. The improvement according to claim 1, wherein airflow 
through said sheet exhibits a characteristic Reynolds Num- 
ber of less than about 0,75 and a characteristic dimensionless 
throughdrying coefficient of from about 5 to about 7. 

5. The improvement according to claim 1, wherein said 
sheet is an absorbent CsHoot prepared from a cellulosic 
furnish and characterized by a hydraulic diameter of- from 
about-3x40^ft-to-about 8x107? ft .with the provisos: (a) that 
when the void volume fraction of said sheet exceeds about 
0.72, the hydraulic diameter of the sheet is less than about 
8XKF* ft; and (b) that when the void volume fraction of the 
sheet exceeds about 0.8, said hydraulic diameter of said 
sheet is less than. about 7x1 0~* ft and wherein further said 
absorbent _sheet is cnaracterized by a wet springback ratio of 
at least about 0.6. 

.6- The improvement according to claim 5, wherein said 
absorbent characterized by a wet springback ratio of at 
least about 0.65. 

7. The improvement according to claim 6, wherein said 
absorbent sheet is character ized by a wet springback ratio of 



8. The improvement according to claim 7, wherein said 
absorbent sheet is characterized by a hydraulic diameter of 
from about 4x10^ ft to about 6xl0~ 5 ft. 

9. The improvement according to claim 5, wherein said 
absorbent sheet is characterized by a hydraulic diameter of 
between about 4x1 CT 6 ft and about 5x10^ ft. 



US 6,752,907 B2 
63 54 

up to about 7x10"* ft * aiameier or is creped from said heated cylinder utilizing a creping blade 

U.^he.impravement according to claim 1, wherein said "J? 2?** °I*? m 50 ?l about 125 

sheet is prepared from a fibrous furnish comprising fiber < ic fLZrZ^ SS ^^^ S !° f*£i^wherein said web 

" 0 ^^^^T£ceHulosic fiber.. ; , creped from smdbeated cylmdef^^e^g mp utilizing 

XL TbcTmpxavemai accordingTo'daim^t* wherein said a ? rEping ' f ^ 1 " ic u *Vefofg at a speed slower than the speed of 

mrnish comprise s anon-wood fiber selected from the group ^heated rotating cylinder. 

cmisistrng oi stra^n^ugan^Tfi bers, bagasse fabeTTand . 7,9 ' ^ P roccss acamding to claim 16, wherein said web 

sy nthetic fibers. _ ' " ls creped from, said heated cylinder with an undulatory 

-^g^fiin^^ h la dc P9^:^^ ajeticulated biaxially undulatory 

absprbenT^^ congnses rec ycled fiber:'" 7 ^ ^ product withSej^^ in the cross direction and 

~44.-The^prbvernent according ^ daim-l^ wk ac ui di e- -ri^SexexfejKiffl^ direction, 

"recyded -fiber in said absorbent ^heet^oinprises -at least pTpcess^accoiTding to claim 29, wherein said 

ri^Si^ U ? dulatary ^P^S -blade is positioned, configured and 
~ ~ TZ ^nJhc imp io v emen Hicro r d i ng to. cla im ^rwherem-the 15 ^°^joned .so^jto in conu^us undulatory engage^ 

recycled fiber present in said absorbent sheet comprises at ment saMiean^^iatmg" cylinder over its width, 

least about 75 percent i^we^ the 31 - ^ Process according to claim 30, wherein said 

sheeL - - product comprises from about 8 to about 150 crepe bars per 

J 6 \A wt .prej^ inch. 
comprisingrthd steps^f:;-: ^ r " ^ " 20 3Z The process^accOTcttng^U) claim 29, wherein said 

an aqueous fibrous furnish on a forarrrinous product comprises, from abour .4 to about 50 ridges per inch 

\ support^ ^ extending in the mac hine /jnrction. 

(b) cc^p^vely dewatering said furnish to form a web; . 33 * ^ P 10 ^^.^^?*^ cIa hn 16, wherein said sheet 

(cpapplying said dewatered web to a heated rotating pr ^ par ^ d fromra fibrous; furnish comprising (finerfother 

- cylinder and drying said web to a consistency of greater 25 ™£ "^'^ ' 

. ::^manVabout:30 percent and less than about 90 percent fc . proc^ accOTO^g JD0 claim 33, wherein said 

. t ; \. " furmsh comprises a noiFwoo^ from the group 

: (drcreping said web from said heated cylinder at said co f ° f straw fibOT^sigarcane bagasse fibers 

consistency of greater than about 30 percent and less 30 ^/V' 1 ^, 

than about 90 percent; e P axea& according to claim 16, wherein said 

-(e): throughdrying said web subsequent to creping said s ^ n !L fimiish ~nq)risesrecycled fiber. 

web.from said heated cylinder S form JSSL JSJlKtfl?^-* ^ * *» 

" -^J2^2^JSkrf £ Vt 1136 ^ geometiy ' 35 37 - ™ e ^A^^Tw^ ^ 

.. . S£™?? P" 0 ^ of web u P° n ^Png. moisture recycled fiber present, in said aqueous furnish comprises at 
nolds Number of less than about 1 and a characteristic 40 essentiaUy of recycled fiber 

JimenMonless throughdrying coefficient of from about 39. THe proems according to claim 16, wherein said step 

. hasjjjass jKeight.of_aUeastjbout 20 lbs/3000 ft 2 . 41 Aem22 ^ShST shoe v 

32 T^^SzHzJ^ . . i"™ 00 <r. »' compaoively dewaeting ssMfiiiiiish comprises messirn 

,c accordmg to claim 16, wherein said web of less than about 240 kN/m 

-££^J£^n^^ oa*rid 45. Tta process according to claim 44 wherein said pn~ 

^cy^S Sg "pS 0 " 70 PeiCeDt 0n ^ dechnes from a peek pressu^ to a value of 20% 

j piuji io oemg creped. of said peak pressure over a nip length which is no more than 
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about half of the nip length over which it rose to said peak 
pressure -from-20% of-said peak pressure. 

46. The process according to claim 44, wherein said line 
ioad-iS"less-4han-about Wf^N/nt- 

47. The process according to claim 46. wherein said line 

48: The piucess acconlingTrrdSiin T 44;- wherein the peak 
engagemei^^d^pipss jmr is at feast about 2^00 kN/m 2 . 

49. T he pi ucess .aeWidiiig tu claim o4C~w tieieui' the-peak 
engagement pressu re in-saidpresrnipisar feast about 3,000 

• -■ - « u. .... . — . i i 

lac 



rae^process-ae^ 



67. The method according to claim 66, wherein at least 
about 25 percent of the fiber in said aqueous furnish has been 
subjected to a curling process. 

68. Hie method according to claim 67, wherein at least 

subject^d^'aT^u^g process. 

69. The method according to claim 68, wherein at least 
about .75 percent of the fiber in said aqueous furnish has been 
subjected to a curling process. - - r * 

— 70. The m ethod according to claim 69, wherein at least 
EB^P^pme& r 6f the fiber^in said aqueous furnish has been 
snhjfyffiffyga- airjjng;process. 



agJtcuslairrxJB&i^^ . _7i # The method according to claim 65, wherein said 

chraic^j^uye. comprises surface modifiers, .softeners, method of curling said fiber comprises concurrently heat- 
debonders, strengflriadsy^arex^^ I5areanng and convolving said fiber at an elevated tempera- 

bnghte n c rs, dyes; pig ments^-sizmg^agents— barrier ^.w^.-^'M.:'.: . ^' Tr, ~" " 
chemicals,, retentio n .aids, ^insolubO^ 



ganic crosslinkers, and combinations thereof f said chemicals 
optiorMy comprising^ polyols, starches; PPG esters^PEG 
ester^^hp^hpUpia^^ 
. .52. The process 'according : 'to claim/5i^ 
a^ueous'Tmmsh comprises a cationic debonding agent.' 

53. The . process" accoro^g lo ciSHTSX" 'whereinTsaid 
aqueous furnish further comprises a nonionic surfactant 

54^The process according to claim 16/ further comprising 
transferring said creped web over an open draw at a speed 25 60 percent on said heated rotating cylinder prior to being 
of at least about 2000 fpm while aerodyriamically supporting creped therefrom and re-wet with an aqueous composition 
said^ Veb~tb: preserve the creped structure 'mereof^ subsequent to being creped from said heated rotating cylin- 

— 55f-TOe?pro^^ der. . 

transferring said creped web over an open draw at. a speed 75. The method according to claim 74, wherein said 
of at least about 2500 fpm wrnle aerodynarmcaUy suprxjrting 30 aqueous composition includes a process additive or func- 



72. The method according to claim 71, wherein said fiber 
is curled in a disk refiner with saturated steam at a pressure 
of torn about-5 to about 150 psig. 

^73: The rneth^ further comprising 

the step of pressure molding said web subsequent to creping 
said web by deflecting said web into an impression fabric. 

74. The method according to claim 16, wherein said 
de watered web is dried to a consistency of greater than about 
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said web to preserve the creped structure,therepL 
^SffrThe process according to claim'55( wherein^said'web 
is : transferred over said open draw at a speed of at least about 
300Qvfpm. i ^ 

:v57.*rhe process according to.claim : 56r whereinisaid web 
is trar^erred over said open draw at a speed of at least about 
4fM ^m _ ' _ " J" ~ _ '-T^^s^lZ 
.J&.JXh&Epcess according to claim 57, ^wherein said web 
isTtiansferred over said open few^a speed of atTeast^about 
5000 fpm : 

.SJ/TTie improvement according to clamr 16, wherein 
subsequent to creping from said heated rowing 'cylinder, 
said web is throughair dried at a rate of . at leastabout 30 
pounds of water removed per square foot "6f ■throughair 
drying, surface per hour. ^ ^i- ». w^.-™*.-. = . 

^60rTheimrjrovementacccTdm 45 ^{Q^ ^ ftS^inprisin^: 

web is throughair dried at a rate of at least 40 pounds of 
water removed per square foot of throughair drying surface 
-per - hour . 



tional additive. 

76. The method according to claim 75, wherein said 
additive comprises a softener, a de bonder, starch, strength 
aids, retention aids, barrier chemicals, wax emulsions, sur- 
face modifiers, antimicrobials, botanicals, latexes, binders, 
absorbency aids, and combinations thereof, said additives 
optionally, including phospholipids, poly amines, PPG esters, 
PEG esteK.and. polyols. 

77. The method according to claim 76, wherein said 
40 additive is selected from the group consisting of wet strength 

resins, dry strength resins and softeners. 

78. The method according to claim 74, wherein said web 
is re-wet to a consistencyjgetesIP than about 60 percent and 
subsequently wetmolded "on an impression fabric. 

779rAmethod of making absorbent sheet from an aqueous 



(a),deposjting said aqueous finish on a forarninous support 
. \ to. form. a nascent web; 



61. The improvement according to claim 60, wherein said 
web is dried by throughair drying at a drying rate of at least 50 
about 50 pounds of water removed per square foot of 
throughair drying surface per hour. 

62. The me thod according jo claim 16j wherein said step 
of depositing said aqueous furnish on said forarninous 
suppon.includes foam^onrnng-said-furnish^l said forarni- 
nous support ^ 

~t*3r TT^~ method according to claim 62, wherein said 
furnish is"a foamed furnish and comprises from about 150 to 
about 500 ppm by weight of a foam-forming surfactant 
r/64. : -TTie mj^^?according to claim 62, wherein said 
foamrrhmiish has a mnsisrencyT^rrom' a b'out 0 . 1 't o about 
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J percent : 

JS.Jhc nieuiod accordin g to claim 16, wherein at least 
about 5 rjercent of the fiber m sald^ueous~fui^srh^ Been 
sut^ec^'tb^a^ • - 

66. The method according to claim 65, wherein at least 65 
about 10 percent of the fiber in said aqueous furnish has been 
subjected to- a curling process. 



fl>) compactively.dewatering said web in a transfer nip 
while transferring said web to a Yankee cylinder, 

(c) drying said web to a consistency of from about 30 to 
about 90 percent on said Yankee cylinder, 

(d) -creping-said web from said Yankee cylinder, 

(e) transferring said web over an open draw to a through- 
drying fabric while aerodynamically supporting said 
web; 

(f) re-wetting said web with an aqueous composition; 

(g) wet molding said re- wet web on said tfmugftdrying 
fabric; and 

w^PTpin airflnw 



j.nmt moK 



through said sheet exhibits a characteristic Reynolds 
Number of less than about 1 and a characteristic 
dimensionless throughdrying coefficient of from about 
4 to about 10. 



